United States Court of Appeals 
for the Second Circuit 



PLAINTIFF'S 

EXHIBITS 



74 


5 


luttei i>tatea (Umtrt of Appaala 


For the Second Circuit. 


THE (lEKEKAL TIRE & RUBBER COMPANY, 

Plai ntiff-Appella n t, 

V. 

JEFFERSON CHEMICAL COMPANY, IxNc., 

Defend ant- A p p ell e v . 

On Ai’peal I'jioJL THE United States District Court eok 
■ 'THE Southern District oe New Y'ork. 


PLAINTIFF’S EXHIBITS. 

Pages 501a-838a. 

Watson Leavenworth Keeton & Taggart, 
Attorneys for Plaintiff -Appellant, 

100 Parle Avenue, 

l:ew York, N. Y. 10017 
(212) 683-4221. 

Kane, Dalsimer, Kane, Sullivan & Kuruce, 
Attorneys for Defendant- Appellee, 

420 Lexington Avenue, 
New Y'ork, N. Y. 10017 
(212) 532-9400. 


Of Counsel: 

Jajies R. Sweeney, 

J. Eob.;,t Stapletob., 

Coeeee and Sweeney, 

20 North Wacker Drive, 

Chicago, 111. 60606 ..Y® FfB a 5 , 07 . 

■ ■ ' ^ ’I J 

The Rbpoeter Company, Ino., New York, N. Y. 100dV^212 732.6978— 

(3097) 



Print4Ml 

pmg» 


Index to Plaintiff’s Exhibits. 

1. U. S. Patent No. 3,102,875, Herbert L. 


Heiss 501a 

2. Certified copy of file history of Patent 

No. 3,102,875 507a 

4A-L. Charts 684a 

5. U. S. Patent No. 2,948,691, Erwin Winde- 

muth, et al 696a 

6. U. S. Patent No. 2,527,970, Herman 

Sokol 702a 

7B. Bayer, Otto “Industrial Application of 
the “Diisoeyanates,” Angewaudte Che- 
mie, Vol. 59: 257-272 (Sept. 1947) 

(Excerpts, pages 1-31, 41) 707a 

9. U. S. Patent No. 2,726,219, Frederick 

B. Hill, Jr 740a 

f 

10. “Princeton Introduces Novel Polyure- 


thanes Made Prom Castor Oil and 
Diisocyanate,” Chemical Engineering, 


Vol. 57, No. 4, April 1950 pages 79, 

165-166 742a 

11. British Patent No. 793,780 745a 

12. Australian Patent No. 205456, James H. 

Saunders and Herbert L. Heiss 756a 


/ 



11 . 


PrtnM 

P*go 


13. “More Polyethers Coming,” Chemical 

and Engineering News, pages 72, 150 
(October 14, 1957) 775a 

14. “Industry & Business — ^Wyandotte to 

Build,” Chemical and Engineering 
News, pages 29, 66 (December 9, 

1957) 777a 

15. “Dow Introduces 5 Newcomers in Family 

of Polyglycols . . . open new fields 
of applications,” Chemical and Engi- 
neering News, page 71 (December 16, 

1957) 779u 

16. Letter dated April 7, 1949, From: 

Charles C. Price, To: G. H. Swart .... 780a 

17. Letter dated April 18, 1949, From: 

C. H. Swart, To: Charles C. Price .... 781a 

18. Progress Eeport, re Propylene Oxide- 

Pentaerythritol Polymer, From : Ralph 
Herbst, To: Dr. C. C. Price, Dated: 

April 19, 1949 782a 

19. . Progress Report, re Propylene Oxide- 
Pentaerythritol Polymer, From : 

Charles C. Price and Ralph Herbst, 

Dated: April 19, 1949 783a 

20. Progress Report, re Propylene Oxide 
(1, 2)-Pentaerythritol Polymer, From: 

Ralph Herbst, To: Dr. C. C. Price, 

Dated May 16, 1949 784a 


Ul. 


Printed 


21, Progress Eeport, re Propylene Oxide 

(1, 2)-Pentaerythritol Polymer, From: 
C. C. Price and Ralph L. Herbst 
Dated: May 16, 1949 

22, Progress Report, re Propylene Oxide- 

Pen taerythritol Polymer, From: Ralph 
L. Heihst, To : Dr. C. C. Price, Dated : 
August 8, 1949 

23. Progress Report, re Propylene Oxide- 

Pentaerythritol Polymer, From: Ralph 
L. Herbst and Charles C, Price, Dated : 
August 8, 1949 

24. Summary Report, re Propylene Oxide- 

Pentaerythritol Polymers, From: Uili- 
versity of Notre Dame, Ralph Herbst 
and Charles Price, To: General Tire 
& Rubber Co,, Dated : October 24, 
1949 

27. Certified copy of Preliminary Statement 

of Herbert L. Heiss, dated September 
11, 1959 and Decision, mailed March 
23, 1962 in Interference No. 90,414 .... 

28. Memorandum dated June 21, 1954, From : 

Elmer P. Rucker, To: J. H. Saun- 
ders 

29. Short Form Report No. 2914: “The 

Preparation of Potting Resins from 
Diisocyanates, Triols and Plasticizers” 


PW* 


787a 


789a 


792a 


795a 


799a 


816a 


817a 


iv. 

Printed 


W* 

33^ Letter dated August 11, 1965, From: 

C. Wi TJpelmrch To: Farbenfabriken 

Bayer 820a 

34. Letter dated July 29, 1965, From: C. W. 

Upchurch, To: B. R. Nason 822a 

37. Memorandum dated September 6, 1957, 

From: J. H. Saunders, To: C. W. Up- 
church 825a 

38. Memorandum dated January 2, 3.962, 

From: Clelle W. Upchurch, To: J. R. 

Wilson 826a 

39. Letter dated March 31, 1964, From : 

Clelle W. Upchurch, To: Farbenfabri- 
ken Bayer 827a 

40. Letter dated September 13, 1963, From: 

C. W. Upchurch, To: J. H. Suther- 
land — 828a 

41. Memorandum dated March 15, 1965, 

From: Carl G. Ries, To: File 829a 

60. Memorandum dated February 13, 1953, 

From: H. Heiss, To: E. P. Rucker .... 830a 

61. Correlation of Examples of U. S. Patent 

No. 3,102,875 With Experiments Re- 
ported in Notebooks of Defendant’s 
Exhibits 832a 

62. Short Form Report No. 2 : “The Prepa- 

ration of Foams From Polyols and 
Diisocyanates” 833a 


PLAINTIFF'S EXHIBIT 1 

U. S. Patent No, 3,102,875, Herbert L. Heiss 
Pages 501a to 506a 




. ^ 


501a 

United States Patent Office 


3 , 102,875 

Patented Sept. 3, 1963 


1 2 

as polyethylene glycols, diethylene glycol, triethylene gly- 
col, tetnethylene glycol, polyethylene glycolt 200, 400 
and 600; polypropylene gtyc^s, dipropylene glycol, tri- 
propylene glycol, polypropylene glycols 400, 7S0, 1200 
g and 2000; carbowaxes 1000, lOOOW, 1500; monoethers 
of tribydroxy compounds such as glyceryl-a-allyl ether, 
glyceryl-«-phenyl ether, glyccryl-a-isopropyl ether; hy- 
droxy esters such as an ester prepared from 1 mol of di- 
basic acid and 2 mols of a glycOl or polyglycol, a poly- 
jg ester prepared so that the molar ratio of glycol or poly- 
glycol to the dibasic acid is between 2 and 1, an ester 
prepared from I mol of a dimer acid and 2 mols of a 
glycol or polyglycol, an ester prepared from a hydroxy 
add and a glycol or polyglycol so that the molar ratio 
of the glycol or ptdyglycol to the hydroxy add is between 
0.5 and 1 and an ester prepared from I mol of a trihy- 
droxy compound and 1 mol of a monobasic acid, such as 
the monoglyc^ride of eleostearic acid; trihydroxy com- 
pounds such as glycerine, triethanolamine, pyrogallol, 
£9 phlorogludnol, etc., alkylene oxide condensates of ^yc- 
erine, triethanolamine, pyrogallol, phlorogluckol, etc.; 
monoethers of tetrahydroxy compounds; eaten prepared 
from hydroxy acid and a trihydroxy compound so that 
, the oK^ar ratio of the latter to the former is between 
maoometcaptam, find use as pla^izers for vinyl resins o.33 Kid 1, such as glycerine triridnoleate, esters prepared 
and numerous osIict plastic materials. ‘ from 1 mol of a monobasic acid and 1 mol .of a letrahy- 

In accordance with the instant invention, the new prod- droxy compound; tetrahydroxy compounds such as penta- 

uctt are prepared by reacting an organic compound coo- erythritol, etc., alkyiene oxide condensates of pentaeryth- 

taining at least one urethane or thiouretbane group with a ritol, etc., esters prepared from 1 mol of a dibasic acid 

compound of the general formula: R(NCX)b. wherein end 2 mols of a trihydroxy compound; pentahydroxy com- 

R u an ocganic radical free from functional groups ^r pounds, such as arabitol, xylitol, etc.; hexabydroxy oom- 

than — NCX, urethane and thknirelhane groups, X is pounds such as sorbitol, ducitol and mannitol, etc. 

selected from the group consisting of oxygen and sulfur. Examples of suitable compounds which may be reacted 
and n b an integer having a value of at least 2, the second- with polybocyanates to form thiogrethanes arc methyl 
mentioned reactant being employed in an amount suffi- „ mercaptan, ethyl mercapUn, butyl mercaptan, octyl mer- 
cient to react with the urethane and/or thionrethane captan, cyclohexyl mercaptan, octadecyl mercapUn, aUyl 

groups of the fint-mentioned reactant. More specifically. mereaptan, phenyl mercaptan, tolyl mercapUn, a-naph- 

the new producb are prepared by reacting an organic com- thyl mereapUn, dimercaptocthane, 1,2,3-trimercapto- 

pound containing a plurality of urethane and/or thioure- propane, l,2,3.triinercaptobutane, l,5-dimercapto-3-(mer- 

thane groups with a compound of the above general for- captomethyl)pentane, 1,6-dimercaptohexane, l.llMimer- 

mula wherein n is an integer having a value of at 1^ 2, captodecane, l,6-dimetcapto-3-methylhexane, 1,4-dimer-, 

the secood-mentioned reactant being employed in an captobenzene, dimercaptmyxylene, and polyvinyl mer- 

amount snfiknent to react with at least two urethane captan. 

groups or one thiourethane group of the first-mentioned Illiu^tive examples of suiUble isocyanates, isothio- 
tcactant. ^ cyanates, carbamyl chlorides, and ureas which may be 

The orgamc compounds conUining at least one urethane employed in the production of organic compounds Con- 
or thioursthane group and preferably a plurality of these taining urethane or thiourethane groups are ethyl, methyl, 

groups may be prepared in any suiUble manner. For propyl, butyl, amyl, octyl, dccyl, dodecyl, hexadecyl, 

example, compounds contemning urethane groups are pre- ocudecyl, allyl, isobutyl, isoamyl, cyclohexyl, phenyl, p- 

pared by reacting an organic hydroxy compound, prefer- gg tolyl, p^Worophenyl, m-chlorophenyl and a-naphthyl iso- 
ably an organic ptriybydroxy compound, with polybocya- cyanides, etc.; ethylene diisocyanate, trimethylene diiso- 

nates, cmbamyl halides such as carbamyl chloride, urea cyanate, tetramethylene diisocyanate, pentamethylene di- 

of subsUtuted urqas; or by reacting mono- or polyamines bocyanate, etc,; and the corresponding diisothiocyanates; 

with hatocarbonates such as cbiorocarbonates. Com- alkyiene diisocyanates and diisothiocyanates, such as 

pounds containing thiourethane groups are prepared by gg propylene-i,2-dibocyanate, butylene -1,2- diisocyanate, 
reacting polybocyanates with mercapians or polymeioap- butylene-1, 3-diisocyaRate, butyleiw-2,3-diiiocyanate, and 

to compounds. but:^ne-l,3-dibotfaiocyana(e; alkylidene diisocyanates 

As illustrative examples of suitable hydroxy compounds and diboAiocyanates, such as cAylidine diisocyanate, 

for use in the production of organic compounds coutaining but^idine diisocyanate and ethyiidine diisothiocyanate; 

urethane groups, there may be mentkmed methyl alcohol, gg cycloalkylene diisocyanates and diisothiocyanates, such 
ethyl alcohol, propyl alcohcd, bopropyl alcoliol, butyl as cyciopentylene-l,3-dibocyanate, cyclohexylene- 1,2-di- 

alcohol, amyl alcobol, hexyl alcohtri, octyl alcobol, decyl bocyanate, cycIobexylene-l,3-diitocyai!ate, cyclohexj^ne- 

alcohol, lauryl alcohol, nllyl alcohol, ol^ alcob^ tri- 1,4-^bocyanate, and cyclohexylene-l,2-diliothiocyanate; 

decyl alcohol, itearyl alcobol, methyl ricinoieate, ethyl cyclosdkylideDe diisocyanates and dibothiocyamite^ auoh 

lactate, diglycerides, monocsters of glycols, phenols, sub- gg aa cycSopentylidene diisocyanate, cyclohexylidene diiso- 
stituted phenols, alkyiene oxide condensates of these by- cyanate and cydohexylidene diisothiocyanate; aromatic 

droxy compounds, ethylene glycol, propylene glycol, butyl- diisocyanates and diisotbiocyanates, such as m-phenylene 

ene ^yGal-2,3, butylene glycol- 1, 3, 2-nietbyl pentanediol- diisocyanate, p-phenylene diisocyanate, i-methyl-2,4- 

2,4, 2-ethyIbexane-diol-l,3. hexamethylene glycol, styrene plien)ieoe diisocyanate, naphthylene-I, 4-dibocyanate, di- 

gly^, N-phenyldbthanolamine. catechol, resorcinol. 2, yg piienylene-4,4'-diisocyanate or p-phenylene diisothiocya- 
2-bjt(4-bydroxyplKnyl)propane. p,p'-dihydroxybiplienyl, nate; aiipfastic-aromatjc diisocyanates or dibotbiocyB- 

dscasnettytene glycol; polyglycola (ollwr tfy^) such nates, suck w xylylene-l,4-dib^uate, xyiylens-l,3-di- 


3,M2,S75 

rOLVURnHANE REACTION FIHH3UCT AND 
METHOD FOR MAKING SAME 
Bsibsit Hc^^dMkfsn . ^ i^ s ^ ^nr,^ ky^are^ Ksd 

CMaMM^fstLisISCMoi., a cw S as a ttaK of Delaware, 
and «f oemkatf In Mobegr O cmlcal Cumpaav, Htte- 
fciwgk, a so spe ea tian af Dclawart 
NaDsmstsg. FHed Aag. 7, 1953, Ser. Nn. 373,«36 
UCWh. (CL26«— 77.5) 

Hie prexnt inventiaa relates to a IKW aeries of resins, 
composhions of nutter containing same and to the meth- 
od of pteparhig such producb. 

The producb of tfib invention are suitable for casting 
or pouring into intricate forms or crevices and are adapted 
for use in numerous applications, for example, as adhe- 
sives. protective coalings, romponenb of insniathig var- 
-nidies. impregnanb for fibrous material to impart water 
resibance, flame resistance and improved band thereto; 
as insulating and dblectric elemenb in transfanncTB, ca- 
pacHon, dcctrical terminals or bnshings, cables or other 
electric devices; and as foamcd-in-plaoe resins. The prod- 
ucb of relatively low motecular wei^it, that b, thoK de- 
rived from monoamines, monohydroxy compounds or 
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isocyanate, 4,4'-dipfaenylniethane diisocyanate, 4_.4'-di- 
phenylpropanb diisocyanate or xylylene-l,4-diiaDtiiiocyar 
natc; methyl, ethyl, propyl, butyl, octyl, dodecyl, octa- 
decyi, piienyl, cyciohexyl, p-chlotophenyl caibamyl chlo- 
rid^ m-pbenylene, p-phenylene, 2,4^olylene, 4'4-Knyl- 
ene bia-cart>amyl chtorides; urea, melhylurea, ethylurea, 
fautylurea, pbenylurea, a-naphthylurea, cydofaexylurea, 
s-diineaiylurea, a-dacydohexylurea, s-diphuyiurea, 1,3- 
methyiethyiurea and 13-«thylpheaylnrea, etc. 


As illustrative examples of noo-reactive organic liquids 
and soUds which may be used in the prsctioe of Ibis in- 
ventkm, there may be mentioned trichlorobenzene, chlori- 
nated biphenyl, chlorinated 1,3,3-trintethyi-l-phenylin- 
dane, chlorinated l,3,3,6-tetramethyl-l(4'-methylphcnyl)- 
indane, dimetlioxy tetraethylene glycol, diethyl phtbalate, 
dibutyl phthalate, diamyl phihalate, butyl benzoyl ben- 
zoate, bu^ phthalyl butyl glycate, N-cthyl-pan-t^uene 
sulfonamide, diphmyl ortho-biphenyl phosphate, trkresyl 


Eumpfes of »mine« which may be used in the prepora- I^phate, 2-ethylfaexyl diphenyl phosphate, dibutyl scba- 


tion of organic bompounds containing urethane groups 
are: methyl, ethyl, butyl, octyl, cyciohexyl. octadecyl, 
allyl amines, aniline, p4oiuidine, subatituled aniUim and 
■-oaiAtfayiamine; ethylene diamine, trimeth}4ene diamine, 
tBtnuUethyfene diamine^ bexametfaylene diamine, octa- 13 
meUiylenB diamine, deounethylene diamine, dodeca- 
methylene diamine, N,N'-dimethyl decamethykne di- 
amine, N,N'-diben2yl hezamelhylew diainine, cyclohexyl- 
ene-l-4-diamine, octfao-phenylene diamine, m-phenyiene 
diamine, p-phenylene diamine, benzidine, na^thalene-1,4- 20 
diamine, y.Y'-diamino dibutyl oxide, 7,')r'-diamino dibutyl 
sulSde, diethyiene tiiamine and triettylm tetramine, etc. 

As typ^ examples of baloautaaates aduch may be 
reacted with amines to fonn organic compounds cootain- 


cate, dibenzyl sebacate, partially byttogenaled aromatic 
hydrocarbon liquid mixtures such as disclosed and claimed 
in Patent 2,364,719, epoxidized safflower oil and petroleum 
and coal tar oils which boil above 200* C., and prefer- 

13 aUy above 250* C., at atmospheric pressure. In fact, 
any organic liquid or solid boiling within the above ran^ 
wt^ is compatible with the above adducts, the organic 
compounds containing urethane groups and tibe final resin 
nuty be employed in the practice of the instant invention. 

20 above-described adducts may be preformed and 

then added to the non-reactive organic liquid or solid and 
ccmveited to a roofe highly polymerized state or they may 
be formed in situ in the organic liquid or solid and then 
converted to a higher state of polymerization. In either 


ing urethane graqis, there may be mentkioed methyl, 25 event, the plasticized polymers thus obtained vary from 


ethyl, propyl, isopropyl, butyl, cydohexyl. phenyl, p-tolyl 
and p^oropbenyl cfalorocarfaonales and butykne-1,4- 
and liesyleDe-1,6- bis-chlorocarbanates, etc. 

The organic compounds containing urethane and/or 


soft resinous gels to hard brittle resins, depending upon 
the gunount and type of components used in their produc- 
tion. 

For a more complete understanding of the instant in- 


diioarethane groupa used in the practice of the instant 30 vention, reference is made to the following illustrative 


inventioa are preferably prepared by reacting an organic 
compound of the genoral tomula: RfNCX), with an 
organic polyhydroxy and/or poiymeicapto compound in 
the pnopottioiis providing a ratio of — tiCX groupa to 
active hydrogen atoms which is greater than 1:1 but is 35 
dwrablyiwithm the range of 1.1:1 to ii:l. Monspedfi- 
caOy, them reactants are employed in the proportkma 
providing a ratio of — ^NCX groupa to active hydrogen 
atoms which Affls in the range of about 1.3:1 or U:1 to 


examples, although it should be clearly understood that 
the inventioo is not limited thereto. 

EXAMPLE I 

Manufacture of Substantially Bubble-Free 
Cels and Resins 

About 11.1 parts of triethanolantine was reacted with 
about 38.9 parts of m-tolyicne diisocyanate in the pres- 
ence of about 50 parts of chlorinated biphenyl containing 


about n: 1 ^ P«feraWy wilto the ^e of abcwt 2: 1 40 42% chlorine. The resulting mixture consisted of a white 


to about n:l. The products obtained by thaieaction are 
adducts which contain urethane and/or thiourethaiie 
groups and also free isocyanate and/or oolhiocyanate 
groups. Therefore, these p^ucls can be convert^ into 


solid suspended ip a yellow liquid. This liquid was sep- 
arated and heated in an oven at a temperature of tOO* C. 
for about 12 hours and a hard, ;lear resin was obtained. 
A sample of this resin was hdd in a Bunsen flame and 


with a smokey flame without melting but cx- 

UM between the isoqrai^ an^or isothiwyan^ *71?!!*** tinguished itself as soon as it was removed, 
of one molecule with the uretiiane and/or thiourellMuie 

groups of the same or another molecule. This is achieved EXAMPLE II 

by heating the adducts in the substantial abseme of inob- About 53.5 parts of triethanolamine and tibout 250 


ture or by means ^ catalysts. Altem^vely,^ critic 50 parte of chlorinated biphenyl containing 42% chlorine 


compounds containing urethane and/or titiourelbane 
groups and also isocyanate and/or isothiocyanate groups 
may be converted into a more tughly polymerized .state 
by further reaction with a poiyisocyanate and/or poly- 
isotfaiocyanate. 

The products of foe iastent inventioa may be in the 
form of bubble-free resinous compositions or highly cel- 
lular resinous foams, the character of the products being 
dependent upon the oonditions of manufacture. 


were mixed thorou^ly in a flask and then about 194.5 
parte of m-tolylene diisocyanate was added with stirring. 
During this addition, the reaction temperature was main- 
tained at a value not exceeding SO* C. This resulted in 
65 the production of a slurry of a solid material which was 
separated from the liquid by filtering. A sample of the 
liquid reaction product was placed in an oven at 100* C. 
and, after about 18 hours, the liquid solidified. The 
soliAility of this product in various liquids was determined 


• • “'w**"!****^ bubWe-free rmin is de- qq found that the resin did not dissolve in boiling 

sired, tte reaction betwren the orgamc oomimnd contain- solvents such as water, methanol, acetone, hexane, ben- 
wg ureUtenc an^or ti^rethane gro^ adlli a polyuic carbon tetrachloride and ethyl acetate, 

cyanate and/or polyisotiuocyanate u desirably earned out , i t-vamimd m 

in the absence of a catalyst and al» moisture. On the liXAMPLii lit 

other hand, if a cellular product is desired, the reaction 03 A slurry containing about 39.1 parts of diethanolamine 
is effected in the presence of a catalyst selected from the and about ?50 parts of chlorinated biphenyl containing 
group consisting ^ compounds yielding in aqueous soiu- 42% chlorine was reacted with about I94.S parte of 

tion ionizable hydroxyl or substituted hydroxyl groups m-tolylene diisocyanute to form a liquid product contain- 

and precursors of said compound In either case, the uig a relatively small proportion of solid material which 


products are relatively brittle resins which may be plas- 70 wax separated by filtering. The liquid product was then 

tkized Mid rendered nxMe flexible by effecting their prep- heated in an oven at 100* C. until it solidified into a bard, 

aratiaa in the presence of a non-reactive organic material, dear resin. ^ 

and preferably a non-reactive ongnic liquid which boils EXAMPLE IV 

at a temperature not lower than 200* C, and preferably About 38.9 parte of m-tolylene diisocyanate and about 

not lower than 250* C, at atmospheric pressuie. 75 11-1 parte of triethanolamine were reacted together in 
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the presence of about SO parts of nuclear chlorinated iso- 
propylblqpbenyl containing about 42% chlorine. The re- 
action product consisted of a liquid containing a rela- 
tively small proportion of solids which were removed 
by filiation. The liquid portion of the reaction product 
was heated in an oven at 100° C. for a period of about 
24 hours and a soft, yellow resinous gel was obtained. 

EXAMPLE V 

About 11.1 parts of triethanolamine and about 38.9 
parts of m-tolylene diisocyanate were reacted together in 
the presence of about 50 parts of the following solvents: 


10 


Chlorinated biphenyl containing 21% 
Chlorinated biphenyl containing 32% 
Chlorinated biphenyl containing 42% 
Chlminated biphenyl containing 48% 
Chlorinated bqihenyl containing 54% 
Chlorinated b%ibenyl contaming 60% 


Sample No. 1 
chlorine 
Sample No. 2 
cUorine 
Siample No. 3 
cUotine 
Sample No. 4 
chlorine 
Sample No. 5 
ddorine 
Sample No. 6 
chlorine 

Sample No. 7 Chlorinated naphthalene 

On heating to a temperature of 100* C. and for a 
period of about 20 bouts. Samples Nos. 1-5 and 7 formed 
clear, amber resins whereas Sample No. 6 produced a 
sticky, opaque resin. 

EXAMPLE VI 

About 55i5 parts of triethanolamine and about 194.5 
parts of m-tolylene diisocyanatc were reacted together in 
the presence of about 250 parts of cUorinated biphenyl 
containing 42% chlorine. This reaction was carrM out 
at room temperature using chlorinated biphenyl which 
had been previously saturated with hydrogen chloride 
gas. Thk resulted in the production of a liquid con- 
taining a relatively small proportion of solids which were 
removed by filtration. A sample of this liquid product 
was heated at a temperature of 100* C. for about 3% 
hours to form a thick gel and for a total of about 4V* 
hours to form a very hard and brittle resin which was 
substantially free of bubbles. 

EXAMPLE VII 

About 8.3 parts of triethanolamine and about 41.7 
parts of pip'-diisocyanatodiphenylmethane were reacted 
together in the presence of about 50 parts of chlorinated 
biphenyl containing about 42% chlorine. The resulting 
reaction product was placed in a 100* C. oven and 
heated for about 5 hours. This resulted in the produc- 
tion of a bard, clear, yellow resin similar to that obtained 
with m-tolylene diisocyanate. 

EXAMPLE VIH 

About 11.1 parts of triethanolamiite was dissolved in 
about 50 parts of molten biphenyl and to the resulting 
solution about 38.9 parts of m-tolylene diisocyauate was 
added. The product obtained as a result of the ensuing 
reaction was heated for about 24 hours at 100* C. and 
a hard, clear, light yellow resin was obtained. 

EXAMPLE IX 

About 10.3 parts of castor oil was reacted with about 
4.7 parts of m-tolylene diisocyanatc in the presence of 
chlorinated biphenyl containing 42% chlorine, the re- 
action taking place at room temperature. The product 
of this reaction was a clear, viscous liquid which, on 
heating for about 40 hours at 125* C., yirided a flexible, 
bubUe-free resin. 

EXAMPLE X 

m-Tol^ene diisocyanate and the condensate of about 7s 


6.6 mols of propylene oxide with 1 mid of glycerine were 
reacted together in a molar ratio of about 3 mob of the 
diisocyanatc to about 1 mol of the condensate, ttie re- 
action taking place in the presence of a sufficient amount 
of chlorinated biphenyl containmg 42% chlorine to yield 
a 50% srHution of adduct. On beating for 2V4 hours 
at 140* C., a sample of this solution yielded a tough, rub- 
bery and resinous gel. 

EX7I.MPLE XI 

m-Tolylenc diisocyauate containing about .23% of 
hydrolyzable chlorine was reacted with the following 
alkylene oxide condensa,tes of glycerine in a molar ratio 
of about 3 nxfls of the isocyanate to about 1 mol of the 
condensate, the reaction taking place in the presence of 
sufficient amount of chlorinated Uphenyl containing 42% 
chlorine to yield a 50% solution of tte adduct 

Condenate of about 3.1 mds of propylene oxide with 1 
md of glycerine 

20 Condensate of about 13.2 mds of propyleite oxide with 
1 mol of glycerine 

Condensate of aboul: 12 mds of ethylene oxide with 1 
md of glycerine 

Condensate of about 3 mds of ethyleite oxide with 1 md 
20 of glyoeriiK 

The producte of these reactions were all dear, viscous 
liquids except the sdution of adduct prepared from 3.1 
mob of propylene oxide with 1 md of ^ycerine, which 
3 Q product was a cloudy, viscous liquid. On being hatted 
to ISO* C. for 3 hours, 4H hours, 7Vk hours and 4H 
houis, respectively, these reaction products formed gels 
which, on continued heating for a total of 23 hours at 
the same temperature, produced flexible, bubble-free 
35 resins that dccreiised in flexibility with decreasing molec- 
ular weight of tlie condensate in the preparation oi 
the adduct. 

EXAMPLE XIl 

Solutions of the following compositions, when heated 
for about 23 hours at 125* C., yielded substantially bub- 
ble-free products which varied with decreasing amounb 
of solvent from a soft jelly to a tough, flexible resin. 


45 


60 


ss 


GO 


05 


70 


Adduct 

Percent by 
weight of 
adduct 

Pereent by 
weight or 
chlorinatwl 
biphenyl 
containing 
t2%eblorina 

Adduct of about 3 mols of in-tnlyt^o dllao- 
cymnate with ciboiit 1 mol of the conUrn- 
&ato of 13.3 mols of propylouo oxldo with 
l mol of 

20 

80 

Do . . 

35 

05 

Do 

(VS 

35 

Do 

80 

20 



EXAMPLE XIH 

Sdutioiu of the fdlowing compositions, when heated 
for about 23 nours at 1^5* C., produced substantially 
bubble-free, brittle resins which increased in hardness 
as the amemnt of solvent was decreased. 


Adduct 

Pereent by 
weight of 
adduct 

Pereont liy 
weight of 
eldortnatc-d 
biphenyl 
rontnlnlng 
42% chloclnu 

Adduct of 3 mols of m*tolylpnQ ditsocya- ! 
nato with 1 innl of the coiidrnsntoors.l 
mols of propylctio oxide with 1 mol of 

20 

80 

05 

l>o 

35 

Do 

05 

,35 

20 


80 



EXAMPLE XiV 

Substantially 3 mob of m-tolylene diisocyanate was rc- 
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acted with the ooDdemation product of about 13.2 mols 
of prapylene oxide with 1 moi of glycerine in the presence 
of a sufficietit amount of the following chlorinated com- 
pounds numbered 1-6, inclusive, to yield a 50 % solution 
of the resulting adducts. In the remaining cases, name- 
ly. 7-9, inclusive, the condensation product was mixed 
with simdar amounts of the melted chlorinated compound 
and then reacted with the m-tolylene diisocyanate. 


Physical appearance of 
addon 

(1> tlBrcAned chlorinated bl- 
phml eontalalBg 48% by 
wripit of chlorine Dark liquid. 

(2) Cbiariiiatcd biphenyl contain- 
ing 21% cfahirlna Clear, vlscona liquid. 

(3) CMorlnated biphenyl contain- 
ing 82% chlorine Do. 

(4) Beflned chlorinated hiphenyl 

coBtalaing 48% chlorloe Do. 

(SI Refilled chlorinated biphenyl 
containing S4% chlorine Do. 

(•1 Refined dioriuted biphenyl 
containing 00% chlorine Very viscons, clear liquid. 

(7) Chlorinated mixture of 60% 
biphenyl and 40% distilled 
high boiler eoatalnlng 65% 

chlorine Clear, extremely viscous 

liquid. 

(8) CHilorinsted Isomeric ter- 

phenyl mixture containing 42% 
chlorine Do. 

(•) Chlorinated distilled high 
boiler containing 00% chlorine- Clear aolld. 


The products obtained as a result of these reactions 
were halted at a temperature of 12S* C. until a gel was 
formed, whereupon tte heating was continued for a total 
of 13 hours to oonvert the gel into a resin. The time 
required to ^1 the above products and the type of resins 
formed are indi ca t ed in tte following table. 


8*mple 

No. 

Tgtol time nqiiired lot 
anniite to (el 

Typo of rectal funned 

1 

Qicmter than ftboon.. 

Dark, fiexIMe, xoft, bnbblc-beo 
recin. 

Flexible, bnbble-fice recin. 

Do. 

Do. 

FoU, flpxlhlp, bubUe-bre iraln. 
Soft, fiFxIblo min wllb n kvr 
hubbke. 

nerd, Ilexibir, bubble-bee resin. 
Flexlnle, bublile-bte recin. 

BrItUe nsin with a lew bubbles. 

s 

a 


4. 


ft 

QreMer tban 6 tioan.. 

a 

7 


9 


9... . 





EXAMPLE XV 
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10 


1 . 

2 . 

». 

4 . 

5. 

6 . 
7. 


Tim*) required for 
saraplc to hn. 


Tyi»c of resin fwaicd 


Qic&ter than 6,' 


3H.. 

I- 




S??;;:;;::;:::;: 

(ha’nVvg'." 


Floilhlo rwrin with sonic, tendency of 
organic liquid to nxudu. 

Fleilble tuhln. 

I>o. 

I>o. 

Do. 

Do. 

Do. 


EXAMPLE XVI 


About 3 mols of m-tolyl’ene diisocyanatc was reacted 
with about 1 mol of the condensate of 13.2 mols of pro- 
15 pylene oxide with 1 mol of glycerine, the reaction being 
executed in the presence of a sufficient amount of tri- 
cresyl phosphate or chlorinated biphenyl containing 42% 
chlorine to yield 20%, 50% and 80% solutions of the 
adduct A similar reaction was carried out using about 
20 3 mols of m-tolylene diisocyanate and about 1 mol of, the 
condensate of 3,1 mols of propylene oxide with 1 mol 
of glycerine. The resulting reaction products were fur- 
ther heated to yield resinous polymers plasticized by the 
solvent employed. 

23 Similar products were also made by adding the above 
condensates to the following molten chlorinated com- 
pounds, reacting m-toiylene diisocyanatc with the con- 
densate in the molar ratio indicated above and then heat- 
ing the resulting prbducta to convert them into plasticized 
30 resinous polymers. 

(1) A chlorinated mixture consbting of 60% biphenyl 
and 40% distilled high boiler containing about 65% 
chlorine 

_ (2) A chlorinated isomeric terpbenyl mixture contain- 
ing 42% chioriiie 

(3) Chlorinated distilled high boiler containing about 
60% chlorine 

In order to determine the temperature characteristics 
40 of these resins, they were cooled to —12* C. and heated 
to 200* C. and 300* C. on a Fisher-Johns melting point 
apparatus. All of these resins were liquid Or extremely 
soft at 300* C. and gaVc off vapor. At 200° C. very 
little change in the nature of the resins was noted, but 
45 at —12* C, all of these resins were quite brittle. 


EXAMPLE XVn 


Substantially 3 mols of mdolylene diisocyanate was 
reacted with about 1 mol of the condensation product of 
about 13.2 mols of propylene oxide with 1 mol eff glyc- 
erine, the reaction taking place in the presence of a suf- 
ficient amount of the following organic liquids to form 
a 50% solution of the adduct having the properties in- 
dicated: 


Sampla 

No. 


OisxdIc Uqnld 



Pnriixlly hydnitcnxtMi siomxtie 
Uqnld mixtnra bSTing s speriUc 
(rarity ot about 1.004 at 25° C., 
a ttbarilTC Index ofabout 1.5600 
at 25° C. and a bolllniE ranxe ot 
340° C. to 300° C. at atmospberic 
ptenaiie. 

Cnlorinated l:3:3-trimet!lyl-l- 
pbenylindanr. 

Epoiidlied ESfBowrr oil 

Trierewl pbosphate 

T-etbylhexyl dfpbenyl phosphate.. 

Butyl phtnalyl butyl xlycnlale 

Dimetnoiy tetraetbyli'DF glycoL.. 


Pbyatral propert ies or 
Solution ot adduct 


Clear, tIsoous UqUId. 


Do. 


Do. 

Do. 

Do. 

l>o. 


Clear liquid. 


The above products were heated at a temperature of 
about 125* C. until they were gelled and then the gels 
were heated up to a total of 22'A hours to convert them 
into resins. The time required for the products to gel 
and the properties of the resins are given in the following 
table. 


About 8 parts of the condensate of 13.2 mols of pro- 
pylene oxido with 1 mol of glycerine was reacted with 
SO about 7 parts of p,p'-diisocyanatodiphenylmeihane which 
had been pretreated with HCl gas, the reaction being 
executed in the presence of 15 parts of chlorinated bi- 
pttenyl containing about 42% chlorine. The product of 
this reaotioa was a soft, sticky, gummy, cloudy liquid. 
65 A sample of Ihis product was heated at 125* C. for a 
perind of about IS hours and a clear, flexible resin sub., 
stantially free of bubbles was obtained. 

EXAMPLE XVIll 

QQ A mixture of about 15 parts of chlorinated biphenyl 
containing 42% chlorine and about IS parts of the 
adduct of about 3 mols of m-tolyicne diisocyanate with 
about 1 mol of the condensate of 9.2 mols of ethylene 
oxide with 1 mol of triethanolamine was prepared and 
g. then heated at 140“ C. for about 25 to 30 minutes. This 
yielded a clear, tough, resinous product. 

EXAMPLE XIX 

About 40.7 parts of the condensate of 11.98 mols of 
ethylene oxide with 1 mol of glycerine was reacted with 
TO about 34.3 mrts of m-tolylene diisocyanate containing 
0.24% hydrolyzable chlorine, the reaction being executed 
in ihc presence of about 75 parts of chlorinated biphenyl 
containing 54% chlorine. The product of this rcuclion 
was healed at 110° C. for about 115 hours and a clear 
7.3 rosin was obtained. A sample of this resin was held in 
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flame imlU it was burning well and then it was with- ourcthanc group or oce or more of these ^<mps Md 

drhwSi @4 '^igg withdrawra, the product did not con- an isocyanate and/ or an isothiocyanate group is desirably 

tinue tobum. prepared in the presence of a non-reactiye org^c plas- 

EXAMPLE XX ticizer, preferably a non-reactive organic liquid plaali- 

J , r,,oo t r 5 cizer, which boils at a temperature of at least 200* C. 

About 244 parts of the condensate of 11.98 mols of » preferably at a temperature of at least 250* C. at 
ethylene oxide with 1 mol of glycerine was reacted with atmospheric pressure. This yields a solid or a viscous 

about 205.3 parts of m-tolylene diisocyanate cmtaiuing jjquid solution of the above organic compound, which 

0J4% of hydrolyiaWe chlorine, the reaction talimg plaw ^ considerable period of time if stored at 

St room temperature and in the prince of about 450 temperature in tightly closed containers. How- 

parts of cMorinated biphenyl containing 4296 ehlonne. jj ^ the manner hereinafter de- 

TTiis reaction yielded a product wht^ on heating at scribed, the solution is converted irilo a complex resinous 

about 1 10° C. for a penod of a^t 68 hours, pruned polymer plasticized by the above-mentioned plasticizer, 

a completely bubble-free- clear, flexible ^ to«^ resm. .j^ ^olid or viscous liquid solution of 

A sample of the prodi^ of tte initial reactiw was the above-mentioned organic compound is effected by 

used to impregnate and, or laminate glaK cloth with heating in the substantial absence of moisture or other 


scribed, the solution is converted irilo a complex resinous 
polymer plasticized by the above-mentioned plasticizer. 
The curing of the solid or viscous liquid solution of 


highly satisfactory results. In producing these products, 
the solmioa of the initial reaction product was applied to 
a sheet eff cloth and also between two sheets of cloth 
and then heated to effect polymerization of the adduct. 

EXAMPLE XXr 


heating in the substantial absence of moisture or other 
foreign materials containing reactive hydrogen atoms. 
This heating is sufficient to effect a reaction between at 
least one urethane or thiourethane group and an iso- 
20 cyanatt and/or an isothiocyanatc group of another mole- 
cule containing both types of functional groups. In 
the event that the organic compound contains only 
urethane or thiourethane groups, then it is cured by reac- 
tion with an added compound which contains at least one 


AUmt 6.8 parts of the c««^te of 1 1^8 mols of ffiTourelh^eTo^^ cu^Tby r;ac'. 

cffiylene oxide wiffi 1 _°f ^ i*^h**«'”*^ tion with an added compound which contains at least one 

s^t 8.2 parts 555 isocyanate and/or isotW^yanate group, the curing talc- 

the presence ^ a^t 15 parts of ^ormat^ ^ ing place at a temperature sufficient to bring about a 


containing 4296 . chlorine, the reaction taking place at 
room temperature. The isocyanate used in thb reaction 
was pretreated with hydrogen chloride to insure the 


ing place at a temperature suffiaent to bring about a 
reaction between the functional groups of the two com- 
pounds involved. 

The curing operation is carried out in the absence or 


presence of a trace of HO nie pn^uct of this reaction ™ cauiyst and at a 

was a very viscous, sticky hquid which, on heating at a 30 im m ahnut 225* C or more soecifi- 

temperature of about 125* C. for about 15 hours, yielded ,nfi* r' anrf S^hin 


temper^re of about 125 C. for a^t 15 hour^ yielded from about 60* C. to about 200* C. and within 

a flexible, clear resin substantially free of bubbles. limits, a temperature of about 100* C. to about 

EXAMPLE XXII 125* C. is preferred. 

Manufacture of Resinous Foams 35 I" the prodwtion of cellular products or plastic foam, 

the curing is effected at room temperature by merely mix- 
The procedure described in Example X was repeated organic materia! containing a urethane or a thio- 

except that 196 by weight of calcium oxide was added urethane group or a solution thereof with a relatively small 

to a s^ple of the resulting solution of adduct. On heat- proportion of a catalyst selected from the group consisting 

ing this sample at 140* C. for 10 minutes, it was con- compounds yielding in aqueous solution ionizable hy- 

verted initially into a gel and finally into a porous droxyl or substituted hydroxyl groups and precursors of 
resinous foam. these compounds. The expression “substituted hydroxyl 

example XXIII Drniim” sicmifies raiiicaU of the formula — OX. in which 


droxyl or substituted hydroxyl groups and precursors of 
these compounds. The expression “substituted hydroxyl 
groups" signifies radicals of the formula — OX, in which 
X is a member selected from the group consisting of ali- 
phatic, cycloaliphatic, aryl, alkaryl, aralkyl and substituted 


The procedure used in Example XI was repeated using X 's a member selected t on^^^tite group conaisung o aii- 
m-tolykne diisocyanate which had been pretreated with 45 f 

hydrogen chloride, and a condensate of about 3 mols hydrcKarbon radicab which may or may "ft Jc *nter- 

<rf propene oxide with 1 mol of glycerine to form a 5056 ruP^d by non^eactive hetero atoms s^ as sulfw and 

solution of adduct A sample of this solution was mixed u*^if it*** 

with about 1 96 bv weiEht of lead oxide and the resulUng may be subsUtuted by alkyl, alkoxy, halogen and/or nitro 


of prolienc oxide with 1 mol of glycerine to form a 5056 oy non^eacuve neiero aioms s^ as suuur u.m 

solution of adduct A sample of this solution was mixed it*** 

with about 1 96 by weight of lead oxide and the resulUng may be subsUtuted by alkyl, alkoxy, halogen and/or nitro 

mixture heated at 14096 C. for about IV* to 1% hours, go srpups. IllustraUvc samples of preferred 

This resulted in the production of a rubbery, resinous within the group arc ffie oxides or hydroxides of potas- 

f na,n slum, sodium and calcium; the oxides of magnesium, ane 

EXAMPLE XXIV and lead; the alkali metal salts and particularly the sodium 


About 66.2 parts of castor oil was dissolved in about 
100 parts of chlorinated biphenyl containing 5456 chlo- 
rine fay heating and to the resulting solution about 33.8 
parts of m-tolylene diisocyanate and about 5 parts of N- 
methylfflorpholine were successively added. After the 


within the group arc the oxides or hydroxides of potas- 
sium, sodium and calcium; the oxides of magnesium, zinc 
and lead; the alkali metal salts and particularly the sodium 
salts of ortho-phenyl phenol, 2,4,5-trichlorophenol and 
2,3,4,6-tetrachlorophenoi; and benzyltrimethylammonium 
hydroxWe, tetramethylammoniiim hydroxide, tetrametbyU 
phenylammonium hydroxide, tctraethylammonium hy- 
droxide, etc. These catalysts may be used alone or in 
combination with tertiary organic amines such as N^neth- 


formation of the adduct had been completed, about 1 % ylmorpholine, N-cthylmorpholinc, trielhylamine, tripro- 
of N-methylmorphoIine and about 0.4% of benzyltri- pylamine, tributylamine, triamylamine, pyridine and 

metbylammonium hydroxide were introduced with stir- quinoline, etc. If desired, the rate of curing may be 

ring. The ensuing reaction, which was carried out at greatly accelerated by heating the solid or liquid solution 

room temperature, resulted in the production of a resin- (o higher temperatures within the limits set forth above, 

ous foam. This product was given an additional cure The curing may be carried out in the absence or presence 

by heating for i5 minutes at about 100* C. and a light of moisture or a plasticizer. 

colored rubbery foam of substantially uniform cell size In |he production of cellular products or plastic foams, 
was obtained. the catalyst is employed in an amount varying from about 

EXAMPLE XXV 0.001% to about 5% by weight or more specifically. 


The preceding example was repeated using hydriv 70 
genated instead of natural castor oil. This resulted and witbm ihcst. limits ulrout 0.5 ,6 to a^ul 1 p 

in the production of {i light colored rubbery foam which ferred. The percentage by weight is based upon the 


imiCU iB9lC4tU liaiUkUl wait . 1 .. 

the production of {i light colored rubbery foam which ferred. The percentage by weight is based upon the 
was stiihtly firmer than that obtained in the previous weight of the total reactants, 
exampl^ production of plasticized products in accordance 

The wganic compound containing a urethane or thi- 75 with this invention, the liquid or solid plasticizer is desir- 
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ably employed in an amount varying from about 20% to 
about 80% by weight, basis total weight and mthin these 
limits about 40% to about 60% by weight is preferred. 

If desred, larger or smaller amounts may be emfdoyed in 
order to affect the desired degree of plasticization. 

The plastkized products of the instant invention cannot 
be produced by first forming the polymerized or cured, 
organic .compound containing a urethane or thiourethanc 
group and then incorporating the cured product with the 
plasticizer. In order to obtain products having satisfac- 
tory p ro p er t ies, the organic compound containing the ure- 
thane or thkNiiethane group must be intimately associated 
with the plasticizer and then polymerized or cured to a 
higher molecular state. In this operatioa, the orgamc 
compound containing the urethane or thiourethane group 
may beiprefonned and then added to the plasticizer or it 
may be:formed in situ. 

What 1 claim it: 

1. A process of forming a poljwethane reaction prod- 
uct comprising the stc^ of mixing (I) a first polymer 
comprising a condensation product of aboot 100 parts by 
wei^t of propylene oxide and about 7 J to 10 mide per- 
cent based on the propylene oxide of pentaerythritol, and 
(2) at least about 2 moles based on the amount of said 
condensation product used of an organic diisocyaiutte, and 
reacting the mixture until a second ptdymer having a chain 
length substantially greater than that of the first polymer 
is formed. 

2. A process of forming a polyurethane reaction prod- 
uct comprising the steps of mixing (1) a condensation 
product of propylene oxide and about 7 j to 10 mole per- 
cent based on the propylene oxide of an alQihatk poly- 
hydrk alcobcd of kts than 7 carbon atoms and having 
from y.to 4 hydroxyl groups and (2) at least about IM 
moles per mole of condensation product of an organic 
diisocyanate, and reacting the mixture until a second poly- 
mer having a chain length substantially greater than that 
of said condensation product is formed. 

3. The resetion product of (1) a condensate of pro- 
pylene oxide and a polyhydric alcohol having from 3 to 
4 hydioxyl groups, and (2) an organic polyisoeywate, 
the amount of (2) being in excess of that ^eoretically 
required to react with the reactive hydrogens of said 
comlensate. 

4. A method for making a polyurethane reaction prod- 
uct which comprises mixing ( 1 ) a condensate of propyl- 
ene oxide and a tiihydric alcohol with (2) an organic 
polyisocyanate in a ratio of greater than one — ^NCO per 
reactive hydrogen of said condensate, and reacting the 
mixture until a second polymer having a chain length 
greater than that of said condensate is formed. 

5. A process for nuking a reaction product which 
comprises reacting (1) a comlensate of propylene oxide 
and a‘ polyhydric alcohol having from 3 to 4 hydroxyl 
groups and (2) a member selected from the group con- 
sisting of an organic polyisocyanale and an organic 
polyisotbiocyanate, the amount of (2) being in excess of 
that theoretically' required to react with the reactive 
hydrogens of said condeiisate. 

6. The process of claim 5 wherein the said condensate 
is reacted with an organic poiyisocyanate. 

7. A process of forming a polyurethane reaction prod- 
uct comprising the steps of mixing in a liquid form (1) 
an hydroxy termiiuted polycthcr polymer which is a 
condensation product of propylene oxide and a polyhydric 
alcohol having less than 7 carbon atoms and having 3 
to 4 primary hydroxyl groups, aitd (2) an organic di- 
isocyanate, in an amount providing a ratio of — NCO 
groups to the reactive hydrogens of said polyether greater 


20 


25 


30 


35 
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than 1 to 1, and reacting the mixture until a second 
polymer having a chain length substantially greater than 
that of said polyether polymer is formed. 

8. A process of preparing a polyurethane reaction 
product comprising the steps of mixing (0 liquid 
hydroxyl terminated polyether polymer which lx a con- 
deiksatioo product of propylene oxide and a polyhydric 
alcohol of kss than 7 carbon atoms and having 3 to 4 
hydroxyl groups, and (2) an organic poiyisocyanate hav- 
ing 2 to 3 functional isocyoiute groups in a ratio of 
greater than one — NCO per reactive hydrogen of said 
polyether polymer, and reacting the mixture to form a 
reaction product having a chain length subst an ti a lly 
greater than that of said polyether polymer. 

9. A product made according to the process ol claim 8. 

10. A process of forming a polyimthane comprising 
the steps of mixing (1) a condensation product of pro- 
pylene oxide and glycerine, and (2) an organic poiy- 
isocyanate in a ratio of greater than one — ^NCO i>er 
reactive hydrogen of said condensation product, and 
reacting the mixture until a second polymer having a 
chain length substantially greater than that of said con- 
densation product is formed. 

11. A process of forming a polyurethane reaction prod- 
uct comprising the steps of mixing ( 1 ) a condensation 
product of propylene oxide and an ^iphatic polyhydric 
alcohol of less than 7 carbon atoms and having from 
3 to 4 hydroxyl groups and (2) ati organic diisocyanate 
in a ratio providing more than one — NCO per reactive 
hydrogen of said condensation product, and reacting the 
mixture until a second polymer having a chain length 
substantially greater than (bat of said condensation prod- 
uct is form^. 

12. A process of forming a |»lyurelhane reaction prod- 
uct comprising the steps of mixing a first polymer com- 
prising a condensation product of propylene oxide and 
an aliphatic polyhydric alcohol of less than 7 carbon 
atoms and having 3 to 4 hydroxyl groups, and at Iwt 
about 2 tnols, based on the amount of said condensation 
product, of an organic diisocyanate and reacting the mix- 
ture until a second polymer having a chain length sub- 
sUntially greater than the first polymer is formed. 
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priemt intwtico r*Ut.8 t« & iw» sorJ-os oi roslaa, em^ 
poeitioo* of oattor ooatalaln* and to tlsa Kothod of jiifopariafi «mch 
pioducta. 

Cia product* of thl* invention are evdtablo for oasting or 
5 psuring into iatrloate for** or orevioe* and tae adapted for use la 

CMorouo appUoatloa*, for oxBBple, aa adhaeivaB^ protectiv* coatina** 
caspoacata of Inaxiating vamiahe*, lapragnaata for fibroua Batorlal to 
Inparl water realctaaoi, flasae reaiotaao* tad laproved hand therotoj aa 
' and dld-ectrio oleciant* in tranafonasre, oapaoltoro, eleotrl- 

(_Q eal teralJaaL* or buabingai oaKLea or other eloctrio dovioesj and ao 

fo=scd-ia-iaaoe roiria*. tte produota of reUtively low Boleoalar waight, 
that la, thoo* derived fs'oa acnoaialaea, ^jnohydrooy cos 5 H>«ad* or booo» 
tarcapteaa, find ubo aa plaatloiiera for vinyl roaln* B»i nawroua other 
pLaatlo Baterlala> 

; In aoeordanoo with the Inotant invention, the new product* are 

prepared by reacting an organic coopound containing at least on* wathaae 
or thiourethan# group with a ceapound of the general forsailas HChCCC)^, 
vi.croin R la an org^onlo radical fTae XTo* fvmotlonal groups other than 
-UCI. orothan# and thlourethan* groupt, Z la aelactod froa Iho pwip oca4« 

£3 alsting of oogrgan and aulfoy, and b la an intager having a value of at 

least 2, tha aeoend-Haantloned reaotant balng snployad In aa Kwuat mif- 
fident to react with the uretiume and/or thlourethane group* of the fixst- 
caatlonod reactant. Kora igiedfically, the new produota aro prepared by 
reacting an orgatdo ooegwund oentaining a plurality of itfathona mui/or 
25 thiourathane groups with a o«a^und of the above gcnar«j. fojwila wherein 

D ia an Integer baidng • value of at leaat 2, the secoad-awntloned re- 
actant being asployod in aa anount aufflolcnt to reaot with at leaet two 
urou'ene group* or on* urethane and om thlourethan* group of the flrot- 
Motinoed reaeteat. . 

I 
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•aim o*««nlo 00 H 5 >ouod« oeattljaiiig »t lewt «»• ur.thw* or 


} 

thKwrothan. gwup ««1 pwf •robOj^ • pluroUty of th.w croup* wy b. 


' 

propwwl la my «ult»»ao Miiaor. For oxosple, ooapound* ooot«inlnc 1 

urottuM croup, mtm frmpmrvi by rmotinc « orcmlo hydtoay oenpouad, 


5 

prcfombly m orsmio polyhydiw^r ooopouwl, vltb polylmcywot.., omv ' 

bsayl bUid.* ■uob .* oMbmyl ohlorld*, urm op mbitltutod uroui op 
by pmctlnc ««o- » polymln*. vlth Jwlooopbow*.. ouoh •• ohlopoowrbo- ‘ 

okt... Coiciouiid. oontalBlDC thioup.tl»io. croup. «ro propwod by raaot- 
lac poOylmcymrti.. mth ■•pc.pUn. op polyMPOopto oonpound.. ^ 



C lUurtpatlT. MMupl*. of (WiUblo bydroaiy coapound. Xtep u.. ' 


0 ■ 

4a th. pxodaction of orcmlo oonpouml. cooUialac uprthm. croup., thopo 
acy b. neatlonal Mbbyl ri.ooh<d, .tbyl aoohol, pfopyl oleohol, Improwl 
ricohol, butyl Aoohol, «qrl Aoohol, hojiyl .loohol, octyl alcohol, d.<yl 
.leohcd., lauryl alcohol, aUyl alcohol, oloyl alcohol, trldoeyl alcohol, 


15 

atoaiyl iloohol, Detlyl rlolaalMt., .thyl laotata, dlglyo.rid.., w»o- 
■ «ct.rs of sXyoolB, ph.nol., mbotltutod phonol., lOUkylane oxWc ooadim- 
Mtaa of th... bydroay eoapounda, athylm. glycol, ppopj^aad c^yod, 
btttylaa. ^lyool-2,abutyl*n» clyool-1,3, a^thjfl pM,t*a#dlol-2,4, 

2-«thylUMaam-dlal>l,3, hMomathylm* clyod, rtywo* c^yool, N-phonyl- 


SO 

rfi.i'.h.nnijBina, ektaehol. PMOPolaol. a.a-t4.(Wflrdpo3Qnphmjl)propaa., 
p.p'-dlhjdroKyblphasyi, dmoMthylan. tfiyooli poly«Jycola (.th.p jjyod.) 
auch aa polyatbylm. rtrool., dlothylm. clyoal, triotlylm* clyool, j 

t.tra.tlyl««a tflycol, polyrthylm. clyool. 200, *00 md 600j polypropylm. ' 

^oola, dlproFylan. clyool, trlppojylm. clyool, p<^ypropyl«o. clyool. 


25 

*00, 750 , 1200 md aOOOi Cartowax.. 1000,1006 W, 1500» Boooathop. of trl- 

.1 A*' ^ 

hyxliwiv ompouada auoh aa tflyc«7l'^“.llyl .th.p, ^o*X 7 l>o-phexiyl *th», 



Clyo.*yl-a-lmppoiyl oUmp) faydrojor artwa wioh aa aa artop ppoparod fro* i 



1 Bol of dlbaalo aold aad 2 imla of a clyool op polyclyool, a polyortop 


Ik 

prqiapod ao that th* wOap ratio of dyod op polyclyool to th. dlbaoio 


30 

add 4a botMom 2 md 1, m anUp praparai fro* 1 ool of a dinar aold 
md 2 Bol* of a ^ool op polyclyool, m odop praparod fn* a hydjxnqr 
add and a ^Lyad op psly(lyeol ao that tho wilar ratio of tht dyool op 

1 
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pcOyglfool to th* h]rdros (7 acid is botvreen 0,$ end 1 and on astar prepared 
. froa 1 aol o£ a trih 7 drox 7 ccopound and 1 mol ot a monobaalo aoldt such aa 
i tho Bonogljroarlda of aleontaarlo acid; trihydro^ compoundo such as gljv 
oatliM, triet h a n ol oa lna, pTrosoUcOL, phloroglucinnl, ate., slK^lcsia oxlda 
QondemsatoB of Ocarina, trlethonolomlno, pTrognllOl, phlorogluciool, atoi) 
romoathera of tatrihjrdroxy osjupounda; aatera praparsd from hydroiy acid and 
' a trihydroagr compound eo that tha molar ratio of the latter to the former 
la between 0.33 and 1« auoh oa glyoaritio trirloinoloate, ostero prepared 
frora 1 mol of a monobaalo acid and 1 mol of a totrahTdrengr oocipoundi tetra- 
hydrwQr oompounda auoh as pontoerythritol, etc., sUtylona oxldo coodanaateB 
of pantaerjthritol, eto.i eater a prepared free 1 sal of a dlbeolo acid end 
2 mola of a trihjUrojgr empoundj pentabydroay oonpoundo, such aa orahltolt 
:gflltol, ato.} hexiJgrdrojy oaapowKla auoh aa aorhltol, duoltol and mannitol, 
eto. 

£icaBplea of oultoblo compounds W>ioh may bo reajted with polyw 
loooyinatee to fom thiourethanea ore methyl mercaptan, ethyl maroapten, 
mercaptan, octyl morcoptan, cyclohexyl maroepton., octadacyl mero^^ 
tan, allyl mercaptan, phenyl meroaptsu, tolyl morooptan, o-naphthyl mei^- 
captan, dimarcoptoathone, l,2,3-trlmBrcaptopropan9, 1,2,3-trlmarcaptcbu- 
tane, l,5>KU»»roapt(>»3-(iiuireaptofflath7l)pentan4, l,6-dlmsroaptoh<csane, I,!!!* 
dimarcaptodeoane, l,6*dliMrcapto-^mathylhexane, l,4>dijaeroaptobanaeM, 
dimorcaptojylylone, and poljnrlnyl mercaptan. 

ZUustretlva exmiplea of auitable iaocyonatas, laothlocyanotea, 
oarbamyl chloxldea, and ureas >diich may ba employed in the production of 
organlo oompounda containing ua-ethana or thlourothana groupe are etlxyl, 
mothyl, propyl, butyl, ojyi, octyl, deoyl, dodacyl, haxadacyl, ootadecyl, 
oUyl, laobu^, laoeayl, cyolohaigrl, phenyl, Jftalyl, ^ohlorophanyl^^ 
chlorophenyl and '«-naj^thyi iaonyaiutoa, etcf) athylaoe dilaocyonate, triii- 
mathylene dUacayonata, tetramethylene dilsocyanite, peotamethylene dl- 
iaocyanats, ato.{ and the oorreappndlng dllaothlcciyanataa} alkylcne dl.- 
isocyanates and dlisothiocyonatss, such as prop;l«(M-l,2slii8oayanats, 
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iwM^asats, <UA^tn«7l«a»^t>4UfletUAecruet«| alloKLldsM dliMqr«Uftt«a 

^ tad &Uaot3tiaa3r»B«l>«at (uob M «Ui]rlUla» lUJMcgruMta, IrntTUdlM lUL- 

lasoi^^At* anti •tiqrlid&M dllaQthio^raa«b«| «yAo« I> q> lw dliwaTtBaias 
^ i 

S t aadi dil»»t!iioaytuu;Us» auflh u <ora2^(ntjrl«iM4»3-dilMa]ri|M Ofslo* | 

hAi3aa!)»^fMii9»<s;«t^ ({fe]^«8}l«M^f3-4iU«oa7«&tta» egrtXohNQl«a*4.( | 

V-dii4nq]«aat«t ueA 8yalfll>«qrX»»-l,aKUlacitttocyi^ ojrvloaU^ildaiM 

J iSUwHQKttttikM sad 4UwtldA<graBai«>» woh ai (llie9«graBat«f 

^vlcbasafUdoM djdvMaruuta toil ogralohaivSlldMu dliiothloaraMta} armailo ^ 

XO (Silwqwutaa attd HlwOdavtsitAth meU diiaoojrinito,^ 

X^mifljtsia iiXi»ortntX*t 4Uwagru«t«, naij)htivl«a»-lt I 

di(ba93i«G*«4k(^'«4iiM«7aut« orjo^phaacrloM (Slliothloe 7 »> 

a»U) •ll);I)«ti»'4UNM2io tUioasranaUt or dUaoUiiaajaaataa, woh aa sr* 

' Xl^aoi4.(V41iaoqraBaU» tqA 9 laoa-l» 9 -ilUa(>cgfWiaU, '4»4'HUl)ptiai9ll»athaiM 

dUaMvaaatat 4»4'*44haB|!ll4propaiM dl&aoajfanata or SQ{l9laea«4(V41iaatS>l9> 

ccraaa&a; imUqS., otltjrl, pxofAt IwtTl, eotyX, dodon^, oetadacTX, pbc::;j4» > 

^ d^ottazgiS., ^eSOanpliaEqdL oarhaail olOotddaai^jdiaivlaaaij^phavXaaa, 

• 2«VtalrX'aa, 4«4'*uagrl«tie blaooarbaagrl oitXozldaa) ttraa, aathgpluraai otIqriL* | 

n:o3» pbaagrlvr«a» a-BafhttgOuraai < 7 alobaX 3 ^aa, jf4lMU^Qraa« j 

SO ' jt^eyoXahACi^'amoat^^ X^J-natbyXattvlwaa ma/i XfVatiqrOpbaBjXo 

vsMat «ta> I 

I 

XaMtiUa at mtada vkicii bj/ ba aaad la tha pnpaxwtiaa of or> 

I xnio eoapoiaaiU oontalalaf araiham froa^pa arai wtbgrl, atiqrX, butgrl, ! 

ootgl, «tjro].ohajgr3.» ookateqrl, aUorl aalMa, aaOiM, j^toluiiUna. aub* 

S$ . Btltutad aaUlMe mA n-ai^litbsaaaiMj aftitjfaaiu dlalna, trtMsttQrXuu di- | 

‘ uAa», tatnaatfajlaM dUdaa, hasHuiUiTXona ditidoak ooUaaUGrXaQa (tU 
^ ♦ 

asdoac daoiSattbgrlaBa dlaaisat dodeoaneMaAm diaalaa; ViK'nilaMUiTl daoa« 
MtbgOaDa diatSai, S,ll<odlbaBa7l bexinatlQrlLiaa dioaiM, (q-oXobtsTluia-}^ i 
'; dlaolaa, orlb»>|ib8ii|XaQa dlNBlaa, a-^^jeaylaaa diamloa, j^pbtiqawa dlKaiaot 
30 ba wtUln a, u^th]Iaa»‘a.tl>>di«idWt 'Y»t''‘dii!idAO dltatyl oxida, 

; iBdiae dlbotjrl nOXUa, diaUvlaaa in«MlM aal ir&aUviLam iabMaalna, aia. 

I 

I 
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30 


As tgndesl sscaafilss oir haloosrboiuctst «hioh augr bs rsaoUd 
* with odzMs to font orgutio oooiMniuis ooatilxdag uxotiuns gronpSf thsaro 

j 

\ Bsgr bo Bontionod Botborlt ei^flf proporl, Isoprenrl* batjlf qrdohojgdf 

li 

j phoqgrlf j^XaHyl tad ^ohlorophsoTl oblorooorbosuictos «id bat]rlsno-lp4* 

il 

!i hsjQrloM<«lf6- bls-ohlorooorbonatost oto« 

Iho orgsnlo oasponodB contoitdni wothoao tad/or tbirarotbsao 

' srovps usod iB tbo pntotioo of tbs laatoit lanrsotioa ors profoxabljr pro* 

porod bf roaotlag aa orguio ooiQMUDd of tbo goaorol fomnlot S(HCX)q 

1. , 

with ta orgooio poljrbjrdroxjr oad/or poagraoro^pte ooppouad ia tbo pro> 

<> , 

portions prooidiag a ratio of -11(2 groiq>a to aotivo bfdrofon tfcOBs whiob 
Is grostor tban.lil but is doslrobljr wltbin tbo rsngo of liltl to ail* 
Horo spo o i f i fi o iay , tboso rosotssts aro aafOogrod in tbo proportions pro- 

f / 

viiiJDc * ratio of -ICE gronpo to aotivo hjxlrogan atoas whiob falls ia 
tbo rsngo of about l«3tl or 1*5>1 to about ntl and profarabljr within tbo 
rocgo of about 2il to about ntl* Ibo prodnota obtainod bgr this roaetion 
aro adducts whiob contain urotbsM anVor thlouroihano gro up s aad also 
froo isocgraaato and/or iaothioegranato groqps. Ihorofbro, tbaso prodnota 
can bo eonwartod into aoro bighljr poljMilaod products bj brlsgiag oat a 
roaotion batwooa tbo iaoogranato and/or isothioqraaato frocps of oaa 
oulo with tbo urotbtt anchor ttaiourotbano groups of tbo or 
. BolooUlo* Ihia is adtiorad b^ beating tbs adlnots in tba snbsiaitlia 
j absenoo of aoiature or bf Mans of oataljrstt. AltamatiTol^, tba organio 
4 ooiapounds ooctaining uratbana and/or thLouratbAo grosgis and also iooQ«- 
j nato aoVor isothiOGaranato groupe augr bs oonvortad into a aura bighlr 
; poljnariaod state bjr further reabtim xLtb a polariaonjraaate m^or poOgw 
^ iaothiotgunate* 

a»e prodnota of tbo Inataat invuntion augr be ;ln the fbm of 
I babble-freo resiaoua ooaipoaiUona or highly oallular r«a.laona fo«u« tbo 
1 diaraober of the prodaota being dependaat upoa tbs ooaditioaa of — 
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for i£ • aubBtwitin’U^ bubbl*-fr«* rtiia le 4««lr«d» 

tb« rwiatiott betwesn th(i organio oo® 4 »ound oontaialJttg urethan* toO/or 
thiour«tha&a gro«pa with a poJjrlaoojfaiJftta and/or poljrlaotbloegranata la 
daiirably oarriad out in tha abeeaoa of a oatalyut and alao sulatiira* 

On tba otbor hand# if a aaUuLsr px'oduot is daairad, tha raaoUoa la 
affaotad in tha praaaao® of a cata'ljr*^ aalootod frcn tha group oonaiat- 
ing of ooupouada jdaldlng ta aqueous aolutloa ionisabla hjrdroagrl or sob* 
utitutad hjftlroai^l group# and praei'iraore of sold ooctpoundao Xn althar 
oasof the produots are ralativeX;^ brittla roeina uhioh sugr ba plaatl> 
oizad «!xd raJJfSarad More fleadbla bf affeeting thalr praparatlcn la tha 
praimso of a no^raaotivo organio Katarial; and prafarabljr a noi»-ra- 
aoti^^ orgaiiio liquid ^hioh bolls) at a twapdratwa not lowor thaa 200^*j 
aM praforabX^ zwt lowar than 250*C*» at atmoophorio praaiura. 

M inuatratlins axsc^oe of nsn-raactiva orgeolo Uqplda and 
sollda tdiich mgr be used in tbo praotioa of thin inventlonf thara miar ba 
Kontiouod tri(^orobe)ai(aaar ohloslnatad biphaigrlf ohlorinatad 
tgiBsathyl"l~|dionyll!>dfineii ohlorinatad Ii)3«3t6'>t«tr«mathyl'-l(4'««ath3rl« 

. ph@£grl)iQdanaf diaathoay tatraettgrleae ^.]rcol« dlathrl phthalata^ dl/- 
butjrl phth&latae dlaE^ phtha7^ta» butjrl bansosrl bansoata^ butyl phthalyl 
butjl £^03lata» S-'athyl<»para>toluaca gulfoaaaldap dlphasgrl ortho«bljft)aDirl 
phoephatOf trioreogrl pboephata, 2>athjrlhe]grl diphenyl phoaphatOf dibutyl 
aetsatmta^ dibazuyl sabaoatar partlaUy hjrdrogeoatad aroaatio hordroearbou 
liquid atixturaa auoh as diadoQod and claisod In intent 2»3^t,719» apoadU 
diaed eafflowar olJL and patrolsnss and ooal tar alia uhlch bail ibova 200^«« 
jxi praf<£rably abova 250^0 at aixospherio praeauro* In fact, aigr orgaaia 
liquid or edid boiling vtlthin tha abore range uhioh la oompatihla uith tha 
abo'sa adduota* tha orgenio os»iq>ou)ade OGatalning urathana groupa and tha 
final reain tu^ ba eogAcyad in the praotioa af the InataBt inTantion* 






p: 


L 



j! Tt* «bof*-4«8orib®d adituota may b« prafoxadd and than to 

,] th« non-rwictlTa organio liquid or aolid and conwUd to a nora hisUj 
j pdlyaarUad aUta or thay aay ba fomad In situ to tha organic liquid or 

j -olid «ad than <»iw«tad to a higher atata of poO^^ In aithar 

; ayant, tha plaaticiaad polyaara thua obtained <rairy fit* aoft raatoooa gala 
j, to bard brittle raetoa, dapandtog upon tha aaonnt and type of oenpooanta 

' naad to thair produottoo. 

!( 

j Ibr a jBora oonplato undaratandtog of the toatant Imantlon, 

g rafaronoa ia nada to tha foUoatog jUttatratlto ax«vl*i, .Ithough it 
i -hwld b. claarJy undaratood that tha to^ntton i. not Itoltod tharato. 



Bicanple I ) 

jja nufaetura of Subatantiall^ir Rnh b la.Ptoa Gala and 

About IIJ. parta of trlathanolaiatoa waa raaetad nlth about 38.9 
parta of jj-tolylcna dllaocyanata to tha praaanoa of about 50 parta of 
ohlortoatod hlph«vl eontatotog 42^ chloxtoa. toa waulttog .totur. con. 
ototod of a uhita Bolid aoapandad to a yaUo»r liquid. Jhla liquid vaa 
••paratad and beatad to an otan at a t«.paratura of 100*0. for about 12 
houra and a bard, clear raato waa obtained. 

i »«a. or thi. Miia », l.< 4 d to , Bobmb £Um «Ki it tontol 

»ltt . notax turn irttl»Bt dittos bat «ttowU»4 tttoir u «x. „ u 
vaa r«K>vad. 




trtothBiolotoiio ant aboot 250 iwta or 
ohlortMtad hlpb«^ Mntatotoj «< daortoa y.,. .to»d tboroajblx la a 
; lUak aod tt«, about 19 i..s part. orjt,tol,l™ aitoo,^t. .ddad 
vltb ottortim, Dorto, tbl. «tutloo. tb. r«rttoa t«,«..tB, ... 

toto«l at a ni„. oot ewadto, 50 * 0 . at. r.«at«l to tli. proiaottoa 

^ 0 olottr or a «dld M.t.rial .tloh w. aaparaW r», tb. Itould V 

1«*. i aa^ilo or tbo Itooid naottoa product m. pi.„d to ou onu at 
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XQO*^t mif after aboot XS hccira} tha liqrdd aolidiilad* 'ilia aolubiXitgr 
!j of thia produot la terlotta traa datemia&d aud It vas fouad that 

^ tha rasln did not dieaoX'sro la boUlng oolv^nta euoh as vatar* Batbaaol^ 

!; h*xa^e» b«aa&n*p osjirbon t«tMablcr:l.<le and othyl aoatata. 

]> 

: Sxffltple 


i A Klu.rrj’ ocsitaiaiJig about JJal ports of diiStiiacio3.Bmina ard 

about 250 pacts of ohloriimt«<d tdphonyl ••^oufealadag ehloidaa waa r«- 
' aotod witti about .194»5 p«irfca o£ _^tQl:fl9m diisocgraimte to foxta a liquid 
prodnot oaaisixiing & ral&timLf email propoiriiaa of solid Biataxial «diioh 
XO f soparatod b/ filt«risgc !ihe liquid product waa th«» heated in m 
at 100^0> uatil it oclidified Into a bsM^ eOLear realR» 


Baotanple ly 

,j ■^'^.nr^rr 

About 3^*9 partfi of ^tol;p*leu>s dilaoojanate and about 1L*1 
parts of txdathaocilacdnffl w«po i“«aotad together in tto proMno* of about 
. 50 porta of moXeer oiiloriaatod ieopropsrlMphexiyl oontaiolng about 4^ 
chlorine, ^e ronction produot oonslcted of a liquid ocaitalnlag a rela- 

j 

tivoO^ stoouLl proportion of solids which were ronvervod b^ fHirstioa* She 
, liquid portion of t4ie roaotloQ product waa heated in m mm at lOO^Q* 
for a period of about. 24 houro and a oaft^ .Tallow recisnua gel was ob«> 

2t> I taiaed. 


nlo ? 


ibout IIJ. part* of trietbanol^radue aad about 3 S»9 parts of 
'^jgrtcdTlono diiaocgr&aate ware raaotod togotbsr in tlie prtesnoe of about SO 
IlpaHs of ttei fcOlowing soleuatat 

» 

Sample So. ICJ Oilosinated biphehxl ooataiuim SDl eblovixuB 

> 1 

^ Ssuple So* 2^ Chlorinated blphoufl ooutaioing 32^ ohlorlne 

' I Sample 8o* 3 Chlorinated biphtuyl ooBtaining lfi% ohlozlne 

^ t Saisple So* 4 Chlorlaated blphergi oontalnajog 4S^ dtlosiae 
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Ko* $0 OiloriJ[Uit«d bLplxmyl ooxxUlniAg 5k$ chlorine 
! Svaplo Vo* 6 Chlorin&tod blphaoyl oontaislng 60^ otalcsrlno 
I Sctgpl* lo* 7 Chlorin&tod nsphthaloxe 

On boating to a tnaporaturo of lOO*^* and foor a period of 


about 30 houra* Sa^ilo Koa. 1-5 and 7 fomod ^«ar, flabar roaina ahoroas 

V 

Sa&plo Bo* 6 produood a atiotor^ opaqua raaln* 

Bxgmplo VI ) 

ibOTxt 55.5 parta of triothanolamlno and about 19A*5 pwta of 
j^toljlono dlioocTanato voro reaotod together In the preaenoe of about 
250 parta of ohlorlnated biphengrl oontalnlng kSjL ohiorine. IMa reaction 
vaa earriad out at room totq>erature uaing chlorinated Mpheivi uhloh had 
been previoiu^ aaturated vith hTdrogon chloride gaa* Tbia reaiilted in 
the production of a liquid containing a relatiraljr ooiall proportion of 
eoij fie uhioh were rMMved bgr fUtration* A araple of thin liqiiid pro- 
duct vaa boated at a teBq>eratur# of 100*/C. for about 3 lA boura to fbm 
a thick gel and for a total of about 4 1/4 how a to form a "mr hard and 
brittle reain uhioh vaa mbatantiallgr free of bubblea* 

ExarojLe VH 

About 0.3 parta of triethanol aaine and about 41*7 parta of 
p,p*-diiaoagranatodlpben7l&«tbane were reacted together in the preoenoe 
of about 50 parta of chlorinated biphenyl containing about 42J( ohLorina. 
The resulting reaction product vaa placed in a lOO^b* ot«i and heatad 
for about 5 houra. Thla readted in the production of a hardf alear» 
yellaw reaia to that obtained vlth^tolylene diieooyanate. 
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Exanip la 

«!■« »» <Mni'<>r»wnW !»<«#>»»•%✓ I 


About IIJ. jiarfes of triethiiniflrmln® wac diaeolveti An abcrat 50 
part* of B>9lt«n blphoa/X &nd to ih« sr&sultirig uolutlcu about ^<9^ parts 

of ^•‘tolyleuo ddlaot^anete was added « produot obtaia«d as a rsiVdU 

! 

of th« onguing rwioti.«. -tfaB hsat^d foy abevit 2^ lif^ura at ’IQO'*,^, mk a 

} 

hard# oloar# li^t grollsw :3f.dn wao obfc&liisd* 

Iba»nnxlft IX 

About 10,3 part© of saatf;? oil iifae raaotad '«lth aboiit 4.7 parts 
ef^tolylaJiiS dtlaoc^-aaatfl Jij, the prouosioe of chlorinatiw! bipheKcrl oao> 
toAuiog 42^ ohloriAiif ths raaotloa taking pl^oo at rooa teaporaturs* fits 
pi’odttot of this nsaetioR was a ahaar# viecoufSi liquid uhloit# m hsoting 
for about 40 feoure at 125*0.# yielded ft fXaxlblo# bubhla‘>fr.»# msitt* 

BxOTpla X 

• sj-Icilylaa® Aiiaocgraiiato and 4h« condensats of alK^ut 6.6 xaidln of 
prop/laao oadda vlth 1 jad of gljc<sriM mew waotod togcftlior in a aafLar 
ratio of about 3 nols of tU« dlisocyaftate to about 1 mol of tho oozaicni- 
eato# the reactdoa takiag plaos in Ut® preo.tttos of & ®mffif>iL*at oajovaxt 

of fthlorlaated biph<itB(fl cwitalning idJS* fihlozdae to ylold a solution 

'■ {y 

. of adduot.. On. heating for 2 1/4 horris at litOyc.# a sfiiaple of this soltH 
tioa yl«l,\ocl & tougli#. rubbery aEidi wsinTOj g&l. 

Eo^» 17. 

^^Stolylano dlieooyon&te oontainijcys otout .2366 of hyxt'wXLyaatls 
chlorlao was raaotod vlth tho following «ll5;rltta9 oxids oooAcawteo of 
glyoerlas ia a roolar ratio of aboiit 3 tiaolg of tbs isocyan&U to about 1 
wsl of ths coadoaaats, the roaotton taking pUos la the praaenos of sof- 
fldsixt anouat of ohLopinatsd biph«gri ftcauialafl 4236 chlorine to yield 
a 50^ solution of the adduot* 
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Oondtoa^te of fibou& 3.1 ools of propgrleu* oiddo 
ulth 1 kiol of ^oerino 




OoDdonoato of about 13 .2 bioIb of. piN^lona ocaid* 
ulth 1 iBol of g^ooriao 

Ooadttaskte of about 12 scols of otbcfloao o:xld« vlth 
1 fflol of glycoriuo 


Oeodensato of about 3 uolo of athydouo oxldo with 
1 aol oS glyoorlno 


Qm pcoduotfl of theew roaetioaci all el»$3e, vlioous Uqulda 
axoopt tho Bolutioa of adduct prapavod f](^ata 3 .I uola of propjrlaua oxida 
with 1 BOl of gljroarlna, uhlch product yaa a oloudr» vIboous liijiiid. On 
boiug haotad to 150^0. for 3 houx’e, 4 hoursf 7 i/2 houra uaA k 3/k 
houTBf raopaotlTalor, tbasa reaction products fonaad gals whiobf on coa- 
tlnaad haattng for a total of 23 boors at tha sans tanparotoraf produoad 
flaxibla, bubbla-fraa raains that dacraasad in flexibility with daoraas- 
ing Molaoulor vaiibt of the oondaasata used in the praptfotlon of the 


20 


OddUOte 

Ebaanle m j 

SolutlaoB of tha foUovdng ocinposltlon8« whan beetad for iboot 
23 hours et 125*C»f yielded aubstantinlJiy bubble-free products ablch 
varied with decreasing aaounts of solvent from a soft Jelly to a tough» 


JTlexible resin. 


-'W 

25 , y IdAict . 

. . 1 X»^ 

f^-Jyii'alght 
^f Adduct, 

C^.-^<«olclit ^ 

./GhLoriDated^phcqTl 
^Contadnliut 4^ /!hlorin® 

t t Addhot of about 3 lools of 

1 

' 

; ( i T!v>tolyicno dlicocycnato 

1 / j ' j. y jJxjub 1 col of tha 

' ^ {y condcasote of 13.2 cola \ 

30 Jr propTlaoo oxide with 1 ) 

*• Bol of glycerine . ,.y 

’ Ip /Oo 

20 

80 

35 

1 

65 

}P<y ... 

&5 

35 

/>c> 

00 
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r • . 

aolatioM cf th» fallAviag sanpooitica#, iA«it iiMtad for ojaint 
j 23 boors at 125tO«» produo«4 wAsUnSlslly bubfelo-froo, Iwittio resiaa 
[ »<iiich laopoaodd la hardaoss m ^h» saautfc of »jlvant tios O^aroarod, 


j ■■ i r ...i . 11 . 

?/ # i&iast of 3 »5l8 of ^tcaja.««a® 

( A f ‘ dii 80 «iyaB*to with of th* 




\ h*^ r V«a.Ua A EJSU, Qd 

10 ^ wsiAcmsXe Qi 3 a bsU of mss. 

. I fisrXma oxtdo ndtu 1 E»X of 






- 




80 i 

£a 5 sels»iffi£i 


Ij 

‘ 3 mrLb of^taljaBii* tlSlooajmufce vaji rs«ot«<) with 

I ths •oadoassMa.i prwhwt of about 13.2 wol* of pwroloao oxid* with 1 wol 
of iilyoBrtao in ths prosanoo of a saXfl,iiaat ouomfc of tiw foUewlB* ohlori/. 
' B*t«i o«,(««a!s uoDhorod laoluoivi., to yi,a<l « 50$ solution of tJvj ro. 

^ SBlWiJK odAurto. la ths waoSainff e«o»». taoauolw, tho o«. 

I d«»atl« prodoot was Bi»d/with udsdUr .rnnato of ths Mltsd oSOortostsd 
. osKposwi OKI fch«n rwotod with tho^^feojjfl-dao diaosoyajut#. 


/Vr irt 

■ IW Owennod ohloiiaotod biphtnul 
, •/ ■' a oodtsiaiQs 4 (]j( h}' walj^ of^ 
ohlopliui 

•y I <*' . 

■' ^ A Oaorinatsd WpheryX oontolaljw 
,i , ZU» ctOorlas . 

|(3» Chloarljwttod Mphsuyl oontsinlHgr 

j 3 ^ ohlorlno 

\l>} SaflBod ohLopiiutod Mnhaml 
, oaatoJalng 48^ obiorla* - 


. (lS'.iiy Wsjjht dx 
iaatod Ai&oiqri 


Dm*; liquid^ 
ClMltf WlooOJW 




0^ \ 


I 

"iitui 


/ * 2 ^ 


i;c/ ^ 
,, 


jf 
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1 ( 5 ^ Saflnod ohlorinated bipbao^l 
ccntalnliig ohlorlno 

j{6^ Eoficod cblorinatod blf^4a3(^l 
! ooDtai&jLag 60 $( chlorics 

^(7^' Chlorlnatad mdjctura of 6 C>$( 

! bd-phtojl tod Wt% distilled 
' la^er contalaliig 6$% 

I chlorlxM ^ . . 


A 2888 

jjX/ J^O0 

j Claarr-^fiooflarllliqp^ 

jVeyy visooue, clw 


'CQ.«ia*f •xbreusJ^ ilsooas 
liquid^; 


^(df CM^ia&ted isomorlo toxphepja Awir.'^jfeiaoXy vlaooua 
fliXtUrO OOUtaltlinff fOilntvInA. I u j j 


aiotutH) ooat«dning 42 ^ chlorin* 

1(9, Ghlcadjoatod diatiUed 

boiler ooot&ixiiag 60$ chlarloa^ 


litjold 
GXemr aolld^ 


Hie prodacta obtained as a result of these reaotiooe were heated 
at a tsaperature of 125 *C. mtll a gel «ras fonaod, vberoupoa the heating 
wa. oootinaed for a total of 13 houra to convert the gel Into a roata* Bis 
tine re<mlred to gel the above produota and t^ts tjrpo of rei^a are 

ii^dicaHA iA th< fdiieviiij UlAe. 


Sc^e 

_ra. 


*btal,Slne lte<iulred''fbr 

^ ^»ol , , _ Type of iy»rr*d 

•I Oreater than 6 hours Dark,’ fleadble, soft, bubble^ree 

4-,. ' • 

■ | 2 ^2 hours KLexlhle, bubble-free resin . 

I hours — — « -gl e xi hl ey - b ubb le - 

I - .. l-Va hours pi4»— KLejdLble,--bubhle-free-TCB±gr >0«2)- 

, Oreater than 6 hours Soft. bikhle-frss resin# 

j tewter.thsn .dJiours-^- £j>ft, flsxLble reaJix idth a fsv 
! 'bubbles • 

lJ/2 hours Hard, flealbls, bubbie-frse rssln , 

2J/2 hours — Flexible, bubble-free resin , 


Q — 


0^. 


bovtrg — — 
2 1/2 hours 

W" 

. 22/2 hours- — 


Brittls rs^ idth a faw bubhlss « 

rV/-- ^ — 


gxapplo ly //: 


L' 


Substantially 3 «ols ofj^toljfleae diiooeyanate was rsaoted with 
shout 1 «al of ths oondeaeaUon product of about I3.2 nols of propylene 
oslds eith 1 nol of^^^rdne, tij* reaction taking pUoe in the preeenoe 
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of ft suffioiftat «Qo\m% of the following organie liquids to fora m 
solution of tho ftdduot hftTing ths propsortios iadioAtod: 


5 




Sjcrpl* 

Ko. 




Itgroloal <Faoporties ^ 
Jolniloti of 

CLoftTf visoous liquid «. 


Pcitially bsndrogcnated amoatio CLoarf visoous i 

liquid Edjcburo having a epod^o 

gravity of about 1,004 at 25 *0., & 

rcfractivo lodox of about I. 56 OO at 

25*C» aoi a boilii^g range of 340^0. 

to 390 ‘’C, at ataospherio preamira , 

CSolorinatod ls3»3“trlffi«thyl-l-ph»nyi» 
iodana , 


I^koxidiGod safflowor oil 

‘Cdorofiyl phoaphato . 

2H)tbylhe:(yl diphoi^yl phoaphata 
Cal;i rJitiiol}''! but/l glyoolato 


P.. 


" ^ 1' ' 
Cl.OfiJt 11 'lid «. 


J _j tatrr.otliylone gLyool Clofot 11 'i4a c 

(■ ' yTp--"--; 7 — — 1 

V- .' iha above products wore heated at a tenperattiro of about 125^0, 

Tutil /(iiay voro gollod and than the gel* ware heated up to a total of 
22 2/2 hour* to conrort then into posla*. Ih* tin* roquired for the 
prodaota to gel and the pioportioo of tdie roeina are given in the fol- 
louing table. 



£kui Required #0!? 
to Cid., Jira. 

Tvp8 atJU\rfin JPV>»r'<*d 

25 1- 

Greater than 6 1/2 

flexible redn Kith eona tendenegr 

1 

- 

of organio Uqsil/t to exodea 

2-- j 

,1 -3 3/2 

Kloxible realn $ 

! 

~ 3 i 

■' • - 

1 

KP P° ■' 

/ ' .4 

53/2 

|» Po • 

33 5 - 

3 . 


6 

5 3/2 — 

t A. 

7 

- . 1 

•itore than 2 XfZ 

1 

7 Pp" 
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i hr at 5 "nif of dllsocswmti* van VMotad With about 

1 MdL o< tho oOBdMkMto ef 13.2 wda of pMpTXwt «xl<i« with 1 aal of 
^LToorlM, th« rMMtlM b«li« «»ouk«d la thi yMMaso of « nffioloat 
of tilcnarl phosphate ojc ohlMrliiktod b^fthoTl ooBi tialm kH 
to yltlA 205!, SOt taO. SO% oolutloao of tb« aiUbai. A olxllw 
ruAtloa wu eoniodi oat moias ihout 3 wOa of a^tdljacno dl4«>(igr«uto 
Mol oboat 1 Ml of tho oonlosMto of 3a aols of proprloao eaddo with 
1 Ml of iljreMlM. Sn Mwltlas roooilM {Hrodaoto tiwo furthor hMtod 
to jrloU roolasM pelpMro ploatleliod tho Mlumt «ipl<qr«4. 

proliwto woro also Milo fcgr oMlng tho ohoto oandMuotoa 
to Um foUoMlac aslloB ehlorlaotod ocavoBsuto, mmUbc ii.tol/loM dl- 
loo^poBOU with tho MadMSkto la tho BaOor ntlo la^otod ahovo Md 
tbM hoatlaf tho rocoltiaf ptodoota to ootmrt thaa lato plaatlolaad 
raalMUi ptdpMiw. 

/ li A ciOarlaatod adataro Bcaalatlin of l/Ot Uahtivl aad tflfl 
/ )- dlatUUd tdifh tolltr aootaladag aboat dff ohlooriM 

! ( 2y A ohlerlaatod lagaaHrie adsdvo aontal B l m t kSSU 

V ; < 3> Ohlorlaatod dlaUUod hl^ boUor o aBt a la lai about 60^ 

I ohlulao 

Xa ordar to dotondM tho taaponturo aharaaUzlatloB of thaao 
rotlaa, tiugr aoro oodod to «12^b. aod hMtod to 200^. wd 300^. oa a 
nalM3>.dahM aaltlBK palttt appsxotua. ill of thaao raalaa war« Uiptld 
or aa te ooi l jr aeft at SOO^jSv mi gtr* off T«pw. it XM^O. rtay littla 
ahaa^ la tha aaturo of tho raalaa «aa astad, hut at all of 

thaao raalaa iiare tflSX* Udttlo. 

Raaola 

Aaot • parto of tha eoedMoato of 13.2 Mia of prattfloM oodUo 
with 1 aal of jjlgraorlaa waa raaoted with aboat 7 parta oi^p,p'.4iiB«" 
tgaaotadlphonySaathaao wklah had boMt pratMOiad with UQL caa, tha 


15 
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i«mMM b«l«a «B»««Ud la tto prcMBM •* 15 P*rt« of oblwriatUd fcl» | 
jitMvX oiaoKta*. Sm rro^Mi of tbis 'Mootlm two 

A a»tt, ofelebr* *wov» •lo'»itr li<p»ld. A am^a of tblo froAist woo 
tMOtod At 125^> toe A polled of About 15 bowo ««1 a iHw, fUxUdo 
rooia odboboidiltiay fw of toddioo KAO olitAliii.d. .__^ .x. . rn in- T i-TT- 




k bSsIwo of about 15 po^o of abloriaato^ blphoupl tontolsdtSK 
^ rfiinritm tad about 15 povio of Uw adluei of aboet 5 aela of Jt* 
tioisaaa dUeotgrUMto ultb aboat X Hal of tte aoidomta of 9>a liula 
of otlvlaM calda tdtta 1 aol of tilatb an elao ln a uoa pnporod laxl tbna 
Kastad at V^% fbr about S5 to 90 aloutaa. Vda pleldad a olvar, 
toSEjS; inaiiwu prodost* 


About ta.7 parto of tba oondoaaato cf U>9d uole of atbylMa 
(sdde with I ■el of tlpoalao vao roaotod with about 9t>3 port* of jp- 
toljPlaaa dUaoovBBata onatalalm; 0.2JU( bodroXjraabla chlorlBaf the 
aotleu bolBs axMutad la tbo pt^auMo of about ^5 pu'ta of ohlorlnaUd 
eoBtalnlo^; 54]( cbloilBao 5bt pcoduet of thla soaotloa traa 
boated at for about U.5 boura aod a dear rauln uaa obtalaad* 

k mmaha of tids raalra uaa bald la tba Hjsm vntU It vaa burntac uell 
«xd tbM It uaa uitb^nm. Oa balac vitbdxum^ tbo produot did act 
aoiddaiso to borat 


About 241 porta of tba ocadoomta of ll«9d aols of etl^eae 
oslda Wttb 1 Bol of ^t7»<rlaa vaa reastod ultb about S 05>3 parte of 
^^toS^luso dUao«graBate owtidalas 0>2U( of tqrdroljraabls obUcinet ib* 
reaoUaa ttidag plaoa at rooa taaparature and la tba proaaooo of about 
450 part# of aWloHnatod blpbaagd. aootalnlac t39( eblo9rl»«< Sde ir»> 
aatloa'ptaldad a perodaot MAtk, «a baaidfig at abmtt 110^> for a parlad 
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tSmtt ^ !wcr*( 9 ««Sim«4 s f»{ujik}.«<iQly SaxIUa 

•ad raala. 

i oT ths lONXtaofc of th« laitlal rctotlon wu uctd to 

MK^or |lM« olctb with bltfilir Mtlofaotoxgr roaoXta* 

Za pfodoalac tbtaa pwdacta^ tha aolutloa of tba Initial raaoitoa pvo» 
duat waa appiUad to a Aaot of olotb aad also iMtwaaa two abaata of 
olotls and tbaa iMatad to affaot pol^narlaatieu of tha addaot« 


Ssasiias) 


Abeot paata of tba ocadanaata of Il«98 aola of otlQlaM 
ojdda «lth 1 Ml of iJjraatiM waa raaotad with about 8.2 parta of p,p*- 
illiaogy in a to d 1ph aa>3Mtha»8 In tha preatuco of about 15 parta of etOesl- 
uatad blphao}! o o nt al nln i 42)( ohloxlaaf tha raaaUoa taldag plaot at 
rota taapantaro. Iba iaoojnwata uaad la thia reaetloo Maa pratraatad 
with hTdrogaa ohLacida to laatsra tha pMsanoa of a traaa of BQf. 9w 
psoduot of thia raaatlM waa a wr riaooua, atiakf liqBLd iMoh, an 
haatlng at a taaparatun of about 185^. for about 1) haaro* pialdad a 
naaeUla» alsar raais aabatMtiaU/ fraa of bubblaa. 


of Baalnoua romt 


lha pcaoatoo daaoribad In Xnhpla X ma npaatad axoapt that 
15 tar «cl4[ht of aalelun oodda vaa addad to a aaapila of tha raaultlng aol»> 
tloo of addaat. <to btalins thia aantila at 140»0. for 10 sdadtaai it vaa 
eoBWtad i n i t l a l ly into a gal and finally into a poroua raalnoua fom. 


feMBiLf - - 


praoadva uaad In Sonpla U vaa rapaatad ual^^^tolylana 
dllaooyaaata )*idt had baan pratraatad vlth hydrogao oiOorldat and a oon> 
danaata of abMt 3 Mia of prapana eodda with 1 aU. of jffyoaclaa to fom 
a iOt aolutlM of adduot. d aahpLo of thia aalutlou wae with a^im t 
15 ty walght of load oxide Md tha readltlng aiixtura haatod at 140*0. fOr 
about 1 1/4 to 1 V4 haaaro* thia raaiOtad in the pvaduotloo of a ma bb tiy, 
raalMua foaou 
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BacmoU 


V 

ibetib 66*2 parba of eoator oil traa diaeolTad in about 100 parta 
of Ohlorlnatad fadlphaivl oontalaljag 5/ii£ ehloxlna Igr heatdAj; aod to tho ro« 

t 

af!0.tiag aolubioa aboob parts of ^tolorleao dllooegrasats ead about 5 
parba of K<«aith7li*>rphciliua wore auooaaaiirelf added. After the foxsatlon 
of the adduot bad been oeo^letedf abont 1$ of H-ateth^Ataorphallne and about 
of IxiaxTitrlieetl^^^iaaAcmita hTdroxide were Introduced with stlrrltv;. 
Ihe aoauins reaeidon^ whloh wae carried out at roan tw^eraturc, resulted 
in bbe production of a realnoua foan. Ihla product was glTsn an addition- 
al cure b^ beating for 15 adnutes at about 100*C. and a light colored rub- 
htsy fow of subatantlally unifom cell dsa was obtained. 


e xn 


Bio preoeding auaflo was repeated uaing bTdrogenated Instead of 
mturel oasbor oil. ' Btia reaulbed in the production of a li|^t oolored 
xubberr Som idiloh was allgbblor firmer tlian that obtained in the previous 


Bm erganio oeaspound oontalning a urethana or thlouretkcne group 
or one or nore of those groups and an isocyanate and/or aa isothlocycTAto 
gew^ is dsedrablp prepared in the presence of a noaa-reactivo ctc'jjIc 
]^^ wtloliep, preferably a non-reaotint organic liquid plocticlEcr, which 
txdla sb a toaperatura of at least 200*i;. and preferably at a tesperature 
‘St at least 250*0. at atsocpherlc pressure. Bde ytelds a solid or a 
wisoous liquid BOlixtion of the above orgenlo cenpotad^ which is stable 
for a ooasidwable period of tloe if stored at room tenporature in tightly 
closed eontalBers. Eowever, if heated or treated In the nsrafa* herein- 
after 'descrlbedf) the eolution is oonvarted into a oooiplex reeinous pclyoer 
plaetlolsed )agr the above ns n ticned plastlciBere 
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Sm otorlng of tlui i^U.d vijn&ma llijQld i^dXutloii ot th« 

a!tKnniHMatd.oned org&xilo ot^powod Is a.IffsotQd by h»aidxig iia tha nub* 

I ’ 

j itantlal abnoao* of mcdabtors ov othe^ forel^ isAterJAlii oontnlaljag ro* 

[l AQtiTo bgrdrogen Athens Sde hoating la sufllcieEit to offeot a rac-ction 
I botwoea at least one nrothane or thloiu;^thane groi^) and m iaoeyenate 
\ oiuVon an ioothloeyanate gi'oup of anotheir molecule oontaining both tjvpes 

i 

I of functional groups* In the event tlmt the orgexilo eon^iound contains 
I only tnrethane or thiourethane groupof then It is cured by reaction with 
j! an added ocB^xnind 'wtiioh contains at least one isocyanate and/or lao* 

H thiocyanate gr<x^» the exsring taking place at a teaperature BUffielent 

I 

I' to bring ab*!rat a reaction betvean the functional groups of the tiio ooss* 

il 

•I pounds iardved. ,, v. 

§ Sit oaring operation is carried cut in the absence or preaenoe 

I of a ratalyst and at a t«i^>srat\a*e vaxying froa rom tesqierattire up to 
I about 225*C* or more epecifically, from about 60*b. to about 200*C. and 

t) • ' 

I idthin theee lioltBp a tcopereturo of about 100*C. to about 125*C* ie 

|! 

In the producilott of cellular product* or plastic foaB» the 
I coring is effected at roc« tcaiperature by awreily the organic 

; Bs&erlal eoutaLning a urethane or a thiourethans group or a solution 
I thereof %dth a relatively oasll proportion of a catalyst sdeoted Aram 
j the group ccnsleti&g of ooffipotmds yle3.dlng in aqueoue solution lonisahle 
j hydroiyl or substituted hydroxyl groiqis end preoursors of these oospounds* 
5 The expiresslon "sabotituted hydroxyl groups" slcnifleB radioalB of tha 

I o / 

t fonnila rOXf in eiiieh Z is a sumber selected froei the group oousisting 

j n'lti' 

I of al lph a t iog cyoloali ph atlo, aryl, dkaryl, aralkyl and substituted 

, hydrocarbon radioala idilch may or nay not be interrupted by non-reactive 

( 

t hetcro atooui such ae euLfur and oxygen, eto* Fbr exasple, thaee hydro- 

P 

carbon rtdieala my be sobstitated by alkyl, alkoxy, halogen and/or nitro 
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!i sfoopt* «aaaqpl»i of profomd Mtc3y8feo vtthiii the gxoap 

ISO tlio esddas or hTdroodldes of potosaiteBf oodLuai ead eololtn; the o^ddos 

;i 

I of MstwiiaBf sino and load; ths alkalJl lootal aalta awl psrtleularly the 

|! 

j eoditai aalts of ortho-pbauTl phenol^ 2,4»5“ttldiloropheaol and 2,3,4#^ 

ji 

$ ' ttftraehLoxophenal} and benorXtrdaatlTlaixamLim hTdroadda^ tatresethTl- 

i: 

- 1 ! espnlm Igrdsoxidat tetraaatliylphaQTlaiBionitm li}dro3dd«t tetraetiiTl- 

assaanitaa hjrdroaddaj, «to» 2ieaa oatoljnsts nay ba used alona or la ocsabl- 
i, i»Ltlm.idti} feortisiry orgs^o saiaea auch aa KHMtt^yioorjihollno, S-othyl- 

I B»xpboIiiM|> trlothylBadaa, trdpropsrlaalna, tributylandne, trie^lREine* 

( 

2,0 j^rddina and qiiinoliao; «toe If deedbred, tha rata of curing aay b« great- 

ly 

>; ly naovlamtad ty heating the aoUd or liquid eolntloa to higher t«^ 

I 

peraWes vithin the liadta eat forth ahore* fiio curing nay be carried 

). ^ im the ahsaoso or preasnee of Doleturo or a plastlciBar. 

>1 

!i In the produotiea of cellular prodneie or plaatlo foams, the 

t! 

3^ fi oatfilyst la oaiiplogred Isii an oaonnt Tarying from about OcOOljC to about ^ 

!; by vedght or core ^pedflcaUy, vlthia tba range of about 0.1^ to about 
Q 3?^ by wei|^ «M ulthin theae llmlta about 0*3^ to about 1^ la preferred* 

I . . . 

:| 9}# percentage by weight le baaed vipon tha weight of the total roaotanto. 

'i 

I Xn the produotlm of plaatloiecd prodneta In accordance with 

2© I tide lawntion, the liquid or solid plaatldaer la daeirnKljr cnplcrod 

I ia m mount waxTlag fren about 20^ to about 60^ by weight, basis total 

i ' ■ 

I weight, and within these liadts about to about 60$ by weight Is prs« 
forred* If desired, larger or mailer mounts may be esiployed in order 
; to effect the desired degree of plastlcisatlon* 

^ &9 plastielaed products of the instant invention cannot be pn>> 

I duoed by first forming the polymerised or cured organic compoimd oontoiw* 

5 

; Ing a trethano or thlourethane group and then Ineoxporatlng the cured pro- 
« duet with the {©nstldser* 3h order to obtain products having aatiofac- 
:i tory properties, the organic ©ooppund containing the urethane or thio- 
I urethane gnug) mat be intlnately aaaoelated with the plasticiser and 


30 
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th«n polyftwiMd *** hlgtieSi^ Witiiloaalaa" isfc»t>©« la this operation* 

the orgoxilo ooepoond oonUlaing tho urdibsiiso w thlourothaao group my bo 
profoimed *nl then added to tho platftldsor or It nay b« foraed in oltu. 


ii 

M 
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I Lon of MttoTj, tho prodoot obtolaod Iqr 

Dtolnlna: st l«*ot oao groxjp soloctod 
otliMia and thlxmrothano groopsj idth o 
i B(HCI)af wharoln R la on organic 
ottpa othor than -KC£, urethane and thlo- 
froaa the grovp ecnoletlng of <KB 7 gcn and 
Ing a Talue of at lotat 2, aaid eocoad- 
ed lA an asnunt sofficient to react with 
ntioned reactant. 

ion of natter, the product obtained lor 
ntainins a pXuralitgr of groupa eoleetod 


the elaie eonaiating of 


lane and thlourethone groupe, with a 


tKieipouBd of the general fora]latV(RCX)Q, wherein B is an orgrjaie radi- 
cal free fron funotionel graupe ot^r than -BOX, urethane aM thlourethone 
groupa, X lo selected froK the grojupnoonalstlng of and crilfur, end 

n ie an Integer having a vtli^'^ at Aast 2, said eecond-Cisntlon&d re- 
aotont being enploTed in mi/immb auf:^.^ent to react with at leant two 


of isald groups of sold fire 


ioned reaMBBt. 


3* As a new ocutposltion of natterV the product obtained b]r ro- 


aeting m organic podjhgrdrosQr oce^pound with a 


jund of the c-"-ral 


foroolac E(KCX)a, idiereln B le an organic radios^ free frra fvroticrrl . 
groups othor than -BCX, urethane and thlOTrethfineNgrox^s, Z io colocted 
fron the grot:^ oonslirtlng of osTgen and ouLLfttr and V is an integer he.ving a 
value of at least 2, and then curing the resulting product further re- 
action with an organic oanpound defined bf the above g^eral fom.'2.nr Ksdd 
eeocndhaentloned reactant being ccploTed in at leaet on^nf eaid reactions 
in an aaotaxt ecrre^pondlng to et least 30 nolar percent e^eas of the other 
reactant. 
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/3 


/ 


^ Im nwm coi^illKUa ef sstUw, t)u pxwiaat aH«lfl»d tv r*> 
•Mag M waittio MaxHnd mustaiaijni •/pltnftUtjr of UMtbuM craop* vlth 
4 oiavoa»* «r «h* fOmmU* Hsa)^, \itwtia K it an otascle radlotl 

two Sfm fiMtlMtl Bwmpa otbor tlun /-Ha, 

<®'**P*» ^ M •oloot«d til* gs^»<^ cOosietlajt of caygwj tR 4 atilfuv wd 
Bla aa Iwdac « wlM «f at iMot a, oali ■coond-noatloMd ro- 

oatoBt Mac ovploartd fa on oiuuctt Buifioliwt to rocot with at l«a«t tuo 
ra«tb*M gtvaim of t«id flMt-tnwjtlesid sv>*etaat tad ttld «*atioa btiuj 
o««*4ad «si la tho pr«a«iM of t ooaJablhiU evstale Sl^idd which boll* at 
4 ««^Mr4t«N mot I*** this about HoS^a, at 4 taea|ih*rla proatars. 

5i la 4 amt M^^idiloa at utter, tht e*U.ul*r ]irodnot obtoiaod 
tv waatSa* aa ocsulo ooapouad emiaialns a ptotUty of orothtM giaupt 
Mk a at tho gmartd foiJoai R(BCDa, * i» aa ot«tnio 

ndlaol fMa fraa fhaotloaal geo\^J otiwr tbta -»«, wothoM tad 
wattaa* (roopat X la salaoUd ftoi th* group oonolatlag of axfgaa and 
■hlfw, iiMl a la ta latofu bawW a vtlu. of at laaat 2, aold toooad. 
■•Btloead roaetot btdag taplaywd/la ta auooat •uffloitat to rotot with 
at laaat two mthaat grotsp* p» ^ of «dd flr»t-a«iUoa«l roaettat and 
•aid roaatlxtt btdag earrtod .mA Ih th* proecae* of a oatolyat toXtoUd 
Urea tka groap ooulstlas of.o««yoand* jltldUig Ibn^ou* aolutioa loala. 

alOo hydros oad siAotitutad ivfxatfi group* tad ■roouraor* of **id oc». 
pouad*. 


dtl 




1* a aiM •oapoultion of aiatUr, th* oAlulor prodoot obtllnwt 
tv raaotlag aa anaale coapouad' oeatalalag a pluraUty of wothono group, 
with a ooApouad of th* gMMral IrotadUi «h*r*la a 1* on orgaiio 

"dlaal teat tern ftswtlooal g^up* other than -KCB; urothan* and 
wrthMw gwups, 1 1* aeleotedliru th# group o««*i*tliw of covga, «at 
j aalfhp, aad n 1. «, integer bowing . f«luo of at l*a*t 2, wld oooend. 
j atnUMMd reaotaai b«dag «|d^d la an aaouut oaffleient to reaot at 
; X<«art two urothaea gxoupa per 'aol of eald fli-irt-uatioa.d reaotaat and 

5 • «t 1 y.t o 1 .ot,d 

ftr<* tha group oanal.tlng df .ootpounda yloldlng la a^««. oaiuti<rr loni*. 
j ablo hardrorvl and hsrtrowl group, ,rri preouroor. of add ou. 

j I«»d., «d 1 * th. preuwo/af a n^vreaeUw* orgBle oat.rtai having a 
tolilag poiat of at loaai »»» 0 . at ataoeph.rla presmire. 

t* T 

:x 3 
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react with eald one group 


?• Bm MUiod of preparlBg « iMir eoaposltloB of which 

jj od^ulMo reacting an orgtaio oonpound eocUining at group ee- 

lectod tixn the olaee ooBsisting of urethane and th^urethane groi^af with 
ij a ooegwnmd of tha general fomalai wImj^ H ie an organic radical 

fS^ from functional groupe other than -MOf/wethane and thlourothann 
' greupa, Z ie ealeoted from tha group c 
a is an integer hariag tha vtlv^-^f/^ least a^e&ld second-aaatlonod re- 
; aotant being an^ojred in an 

t 

i of eaid flrst<«ientloned 

I 

' r 

a. She Botho^f produolBg a a«w oonpositlea of natter, which 
fiSBprifiea roaotiag uyongaale oonpound eontainlng a plta*allt 7 of urethane 

I with a eoisM^ of the gomreX foneolai Il(!fa)n, wherein £ la an 

" / 

orgaale radloaX/frae fron funotloaal groups other than oKCZ, urethane and 
fchioux'ethane,/ groups, Z la saleotod froa the group oonalstirg of oxygen and 
a la an integer hauing a ralue of at least 2, said scoond- 
jf^aefeMSt being aspl^jred In an nnount sufficient to react with 
cast two ur ethaae gJ«vjpa per nol of eald ftrat-aantloaed reactant. 

• 9. She method of produd^ a new ooupositlon of aatter, which 
e?*?tpia 09 reacting, in tha presence of an orgenlo liquid boiling at a toa- 
peraturo of at least 200*C. at ataosjiherio prassure, an orgr.aie ccapoiuad 
ecsrtaialng a plurality of groupe/aelected froas the olaas conoloting of 
nrethtne and thlourethane ent^d vith a oonpound of tha gewral fcrcrAas 
idwreln B le an orgaMo radical free fron functional groups other 
than -Dd, urethona and thii^othane groups, ? ie edoctod fma the group 
ooaslotlng of oatygen and/sullUr, and n is an Integer haring a wuluo of af 



least 2, said esoo 



led reactant being tctployed in an mount suf- 


ftedent to react at least two of said groups per nol of said first-aentlonad 


reactant c 


/ 

I 






/ 
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^ lOt Ih« oi‘k«^l>au£W^ {A^odlUtBf vhlvsit oeutpiiiiM 

^ rweilBS* In ih« pf«MnM ot « oata grai ttm tli* [foMf oonelatlns 

t of ecj^Moadt ]d«l£Uig la ao. ^utlon Icnlutbl* hydrKi^l and aubttti^. 

i t^Aod ty df o a gl (CMip* and praoii^cai:' i of udcL cocgMunilat an ori^nle ec»> 

I poond a plnrallty of wo iians gvoops 'idtli a eoapontd of tba 

I gasortX foMHlai t(B(aC)^» i<iMi}>aln B ly an oiitsAio radlaal fr«e froa 
I fcnetiooml groupa othor than AlOXf < irathauo and tUlouTAthano gro^pa^ X 
la aalaetad fraa tha groap oanaifiiliis of oxggta aM aulfuTi and n la an 
iatagar iuTlng a valtta of at laast : 1, oald aeocwd-oaiddonatt reacrteat bolng 
<aqplasrad la an aaouet aufflalttnt to voaot nlth at least too urethane groupa 
par Ml of aald first ■ tanfitlcnad raautant. 

IX. A« sathod of pfoduang a oaU.ujiar product, vhieh ooapriaea 
raaetlag, In tha proMno* of an orgirde Uiiuid boiling at a teqparatura of 
at least 20O*G. at atsMepharle prasixu^a, an or^jalo ecapoonl containing a 
pXaralltp of uratbaaa gronpe vith a ecapomd of tha general forttilai 
«diarain 1 la an organic radical fra'< nmotlonal groqpa othar then, -ties, 
uratbaaa and thleurathane grcnpa,^X(^^'^^|•laotad froia tha group orarlartlng 
of osTgan and anlfnr, and n la an Iftcg^r haring a valua of at least 2, 
aaU atoondaMnUoMd rahatant bainj eagaoywi In aa aiiotet mifilcloitt to 

' '^raact alth at laaat tve urcthaaa grci^s par nal of said flrot-«C!n*dc— ?4 

' 

raaetant and aald raaoUen balng oatrltd out in tha praoanco of a cotal^ot 
aalaotad froa tha grot^ eunDlstlng os eoapoundt jrloXiilng In atpMoua aolu- 
‘ tdoB lonisalOa bjdnwja end subatltailtad bydrojyl groi|)B and praouriwro of 

4 

'4 aald ocapounda. 

J 12. fiia netbod of preduol ig t, uau coa^sltlan of laattor, \<!jldi 

I Oa^Fadfoa roasting an oiganlo pdlTtgr ooapound irtLth a eospound of tha 
gaaaral. foawilai Uiaraltk K Lo ua orgauio radical free froa 

i 

^ fcnoilntiaX groigia othar than -BCG, u 'othitua ami tblouratbano groins, 
j n la an InUgar having a viXua of at least 2, and tliarabr fo»*ln 3 an orgaalo 
etnpound •co n ta i ni n g e plurality of u 'athana groupa and th® curing the r«- 
KsXtlng jipodnet to a M» highly pel; laarlsad stata by reaction vlth a or>- 
pouad of the above t«aarel fomula, i aid saesnd.aaBtlQaad reactant being 
I tagkl< 9 od in at iMat one of oald raa^tloiiB In an aaount oorraeponding to 

! at laaat JO aalar paraaet aoueas of tha other reaotent. 

1 - - . ^ . 

' "*9t~Tba-tarifa a tlan a u bataaliilljC a». dl eeloaad and deo'-rthrd . 
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OATO fvrm ot^rtomsf . «® ipeuwoh 

B*lnB «kilr twan, - Mi ,- . Jmwii Wi .flaM Hdgpg nd HuKKjr f i T" ««<«» 


. dliun-a «l «ii«» 


, dspoM and uy that . 


realdoni*. oLL»a*nJ*.ipt*,_lM,jml. 

a*.. / .. . .... t 


. raapaellvoly 


*°**-^*-** ^^ ”" ^”* * " ^ y > / , ,Ha, h,„_. ^ 

.nd dalma .nd-» »«rily b,u„. _jy, «nd_4otat_Jn»ontor_B o( Iha 

i^Hon a^dueo^ laJpmjBsaaa.flat ^ m TO Pjrflan fcim aAim. 

Ml fkn A lAf oni __deacrlbod and dalmod Ihnroln; lliaLJ*a do not know 

««d do nol bH^ tt„, UU, tav.nt.on wm taown « u.o<i b.lor._fflaL_J„„nllon or dl.oov.ry ih.rool or 

« bafo™.^jaA^„v«,..o„ or di.oov.ry tharaol. 
... .tor ,0 tata 

Unll«J Stal«i on CM application atadbv_a«_L_ on _oiiv i i. 

awmlhi bstora thk .ppUcaliwu and tha» rm dLjloatiillT ^*1 '•**|***'''®'*’'** “f ocalgn. mofa than twelve 
» .ppucaDon. amt nypplleaUon lor patent on ihla tav.ntlon or dl«»y,ry haa bean 111*1 


by_aa «_Mr__.,,p«»nt.UveUr.«l 9 „. ta *.y country Icalgn ,o ,h. United State,, except a. lollowa: 

Aad~J.I*-«-W*y appotaUa mg J. htO u t.. R»gl.„.,|o„ No_i*6«li whoa, poatollle. *ldr..« 

W-wtoti-JCt pray that UK... P,i«« fa. grant*! te_lUL_Ior th. ta»«,Uon or dl.cov.ry d«crlb*l 

ond d-n.*! ta lo^gota, ap^Koatloo *,d <Wn-. and h.rd,y aub.crib._^«ru-_ta«me.._ to ta. loro- 
9 ota (5 <4»cl&o>iiaa aid dalmfc oath, povrar ol altomay, and this paUllon, t hi. ^ <.t h ^ 


..iiimint- 


.»«-a3L 
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teosar (1) 

3a«ear (2) 

Kasttn at al. 

I.O.P. (1) IFranch) 

'I.Q.P. (2) (PraniSh) 
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2 , 

VMy,5n 
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1. Tha clai»a are 1-13 » 

2. OUla 13 to rajaetad aa balng obTlouely Infonsal. 

3. ClfctBB 1-12 6»-a rajooted as unpatantabla over 
tha rafaranoaa oltad. Maattn at al., Sooner (1) and (2). and 
Sohnldt atal. oura a polyaat.r-dllaoavanat. r.aotion product 
with -ora polyiaooytnata, Pratt taachaa tha reaction of dl- 
ioocyanataa with formaldahydo-ur ethane raalna (page 2, column 2 
line 31). I.O.F. «a In Example 3 curca a polyurethane with di- 
laocyanate compeunda. Eellwollo altowe a almllar reaction; note 
olaim 2. bothlna orltloal Is aeon In the proportlona of Calm 3. 

/ir the ue. of a aolvent or a e.talyat a. In certain of tha othar 
/ elaUa alnc. th... do not appear in all tha olalma; In re Rlpp.r 
191,9 CD 29; In ra Faar 56 b6F<l 103. 
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IN THB WnrSD STATES PATENT OFFICE 


m RE APPUGATION OF 


JAMES H. SAUNDERS ET AL 
SERIAL NO. 873,030 
PILED AUG. 7, 1953 


PAT. DIV 



FOR: NOVEL RESINOUS COM- ; 

POSITIONS AND METHOD OF PRODUCING 
SAME 



C<9mml8BionBr of P&tenta 

WashiiigtOK 26, D, Co 
Slsr; 

This .18 to advla® yon that in the future all correspondence 
Ln coKwstion with the ebove-entltled appUcaUon should be sent to the 
writer at the following address: 

c/o Monsanto Chemical Company 
1700 South Second Street 
St. Louis, Missouri 


s 

♦ 


Roepectfully submitted. 


liucUor 

Attorney of Record 
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mjCHE UNITED STATES PATENl* OmiawMiV.' . , ... 

'■”■■■' '■ ■ ■■ ‘ "' "“ 


APPLICATION OF 

JAMES H. SAUNDERS ET AL, 

SERIAL NUMBER « 373*036 

PILED i AUGUST 7, 1953 

TITLE I NOVEL RESINOUS 

COMPOSITIONS AND 
METHOD OP PRODUCING 
SAME 


DIVISION 50 


AMENDMENT 
The Honorable Commloaioner of Patents 
Washington 25* D. C. 


In response to the omeo Action dated April 8, I 954 , 
kindly amend the above-entitled application ae follows* 

In the specification / 

y 

Page m, line 4* insert as title for second' column, 
the ejcpresslon —Organlo TJ.quid — . 

In the alalma / 

Claim 4, line 4, oan»>al "or" and Insert —and—. 

y ^ ^ ^ 

Cancel claims 1-3 , ?“8„ and 13 without prejudice. 
Kindly ado the folloviflng olalmat 


I 
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(\j‘ ^ 17 • As a new oompoaltion of natter, the oellular 




product obtained by reacting^ an organlo oompound containing a 
plurality of groupa aeleoted from the] olaee oonsiatlng of 


I urethane and thlourethane groups 


, Wltk 

a» ome 


a oompound of the general 


fomulai R(HCX)^, whareln R Is a» oijganlo radical free from 
functional groups other than -NCX, urethane and thlourethane 
groups, X Is aeleoted from the groupj consisting of oxygen and 
sulfur, and n is an Integer having ^ value of at least 2, said 


second-mentioned reactant being empjLoyed In an amount aufflolent 
to react with at least two of said /groups per mol of said first- 

I 

mentioned reaotant>on<l-aald- reaotlon being carried out In the^ 
presence of a oatelyst sooted from the group consisting of 


compounds yielding In actj&eouo solution lonlzable hydroxyl and 
•ubaitltuted- hydroxyl- groups and precursors of said compounds^ 

16. As a new composition of matter, the oellular 
product obtained by reacting an /organic oompound containing a 

I J 

^ plurality of groups aeleoted from the class consisting of 

urethane and thlourethane groups, with a compound of the general 
formula I R(NCX},), wherein R le an organic radical free from 
functional groups other than -NCX, urethane and thlourethane 
/'' groups, X Is selected from thC group oonalsting of oxygen and 
sulfur and n Is an Integer having a value of at least 2, said 

I 

second-mentioned reactant being employed In an amount sufficient 

( 

to react with at least two of said groups per mol of said first- 
mentioned reactant and said ‘reaction being carried out In the 
presence .of a catalyst aeleoted from the group consisting of 
^{oSpounds yielding In aqueoiis solution lonlzable hydroxyl and 

I 

substituted hydroxyl groups and precursors 6f said compounds, 
and in the presence of a n6n-reaotlve organic material having a 
boiling point of at least ! 200°G. at atmospheric preosure. 



/ 
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19. Ae • new oomposltlon ^ matter, the product 
obtained In aoeordanoe with claim 18/ wherein the non-reaotive 
organic material la employed In an Amount varying from about 

■'■h 

to 80^ by weight, baaia total i^elght. 

20. As a new composition'' of matter, the product 
obtained In accordance with claim 18, wherein the non-renctlve 
organic materiel la employed in an amount varying from about 
4C95 to 609? by weight, basis total weight. 


R R L 


ARKS 


I 

I 


A correction of an editorial character has been made 
in the apeclflcation. 

Claims 1-3# T-B and 13 have been cancelled. 

Cialraa 4-6 and 9-12 inclusive were rejected ae 
unpatentable over the references cited and in support of this 
rejection the Examiner argued as follows! 

"Mast in et al., Seeger (1) and (2), and Schmidt et al. 
cure a polyeater-idilaocyanate reaction product with more 
polylaooyanate. Pratt teaches the reaction of dllsocyanateo 
with formaldehyde-urethane resins (page 2, column 2 line 31)* 
I.O.P. as in Example 3 our^s a polyurethane with dllsooyonate 
compounds. Zellwolle shows a similar reaction; note claim 2. 
Nothing critical Is seen in the proportions of claim 3* or the 
use of a solvent or a catalyst as In certain of the other 
claims since these do not appear in ell the claims; In re 
Ripper 1949 CD 29; In re Pear 58 USPQ 403." 
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RceonBlderatlott of th«!i above rejection and a favorable I 
action on the olalma ere aourteoualy solicited in view of the j 

following argument : 1 

The claims now in this application are reetricted 

to the products prepared by reacting an organic compound 
containing a plurality of urethane or thlourethane groupa 
with a polyiaooyanat® in ths presence of a catalys t an d/ or a 
non -reactive organic plastloleer having a boiling point of | 

at least 200®C. and preferably at least e;50°C. at atmospheric 1 

pressure. These llmitationa clearly avoid the references of I 
record which at best dlsoloa© the use of low boiling solvents 
as media for reacting polylsooyanates with polyurethanes. j 

It is respectfully submitted that the claims now in j 

the application define an inventive advance in the art for | 

the following reasons: i 

I 

P laatlclzar 

1. The use of a high boiling plasticiser results in 
the production of flexible cellular and non-oellular products, 
whereas without suoh a plasticiser, relatively brittle products 

I 

of rather limited utility are obtained. | 

2. The use of high boiling plastlolzers, particularly 

the halogenated ones, results in the formation of products i 

( 

which are quite flame resistant. { 

1 

j 

-5- I 
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1 

i 

3. The use of selected types and amounts of high 
boiling plastlolaers makes possible the production of a scries 

of cellular and non-cellular products of widely varying 1 

characterlstlos . Thu8« it is possible to obtain with a single 
combination of materials a wider range of properties than Is | 
possible or practical by varying the poly Isocyanate and/or 
polyol, 

4 . The use of high boiling plasticizers effects a ' 

considerable reduction in the amount of polylsooyanate used to ^ 
prepare the foaming mixture. This is made possible by the fact 
that the foaming mixture is more viscous and therefore the 
tendency of the gas to be liberated is reduced. ' 

5. The high boiling plasticizer stabilizes the | 

polyu.?«thane and the resulting solution can be stored for 1 

considerable periods of time at room temperature in tightly j 

closed containers. This eolution can then be solidified by 
heating and in this operation water or other active hydrogen I 

i oorapounda are not required, 

I Catalyst , 

j| 1. The use of the oatalyste claimed makes possible 

{j the production of cellular products by the reaction of poly- , 

I isocyanates with polyurethanes. No reaction of water with 

M ' 

i' polylsocysnates to form carbon dioxide is required. Moreover, i 

1" no compounds containing free carboxyl groups are necessary for | 

If 

the foaming reaction. , 

J 

- 6 - ■ , 
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I 

2, A ooneldevabl© aavings in polylBOcyanatea la 
obtained by the uee of the catalyats claimed elnco the former j 
are not partially oonoumed by i*eaotlon with water in the pro- 
duction of carbon dioxide. In other worda, all of the poly- 

I 

laocyanate reacts with the polyurethane to yield a polymer of 
Inoreaaed molecular weight and therefore leaa of It la required 

to yield a cellular product compoaed of a polymer of a given ' 

. 

molecular weight, ' 

I 3. When employing straight urethanea in tha formation I 

of cellular producta* a saving la also effected since It Is not 

necessary to utlllsce the more expensive Isocyanates to create i 

i 

the urethane groupa. 

In view of the for«^,oing oonslderatlona a favorable ; 
action on the claims Is courteously solicited. j 

Seven new olalwa hava been incorporated by the i 

pi^aent amendment In order to more adequately protect applloanta' j 

Invention . • 

Claim 14 la patterned after claim 4, but la broader 

in scope In that it covers the use of organic compounds contain- j 
Ing a plurality of groups eeleoted from the class consisting of 

urethane and thiourethane groupe. 

Claims 15 and I6 are based upon claim l4, but arc 
j more reatrloted in scop® In that they point out that the non- 
I reactive organic material la eviip’Juyed In an amount varying from 
I about 20 ^ to 805<! by weight and from about 40^ to about 60^ by 
I weight, respectively. 

“ 7 “ 

3 ^“ 
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Claim 17 la similar to olalm 5» but la broader In 
aoopa in that It oalls for the use of an organlo compound oontain- 
lng)a plurality of groupa selected from the claaa oonalatlng of 
urethane and thlourothane groups. 

Claim 18 is Blmllar to I7, but Inoludea the additional 
limitation to the effect that the reaction la carried out in the 
presence of non-reaotlve organic material having 0 boiling point 
of at least 200°C. at atmospheric pressure. 

Claims 19 and 20 are dependent upon claim 18, but are 
more restrloted in scope In that they specify the amount of the 
non~reaotl7e organlo material employed. 

The subject matter of the new olalras is not disolosed 
or suggested by the references of record and therefore, they 
are believed to be clearly allowable. 

I 

This amendment is believed to place the above** 
entitled application in oondltlon for allowanoe and an early ! 
and favorable action is respectfully requested, 

' Respectfully submitted, I 


C'P. 

Elmer P. Rucker 
Attorney for Applicants 


St, Louis, Missouri 
October 6, 1954 
EH?Ja 
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IN THE UNITED STATES PATENT OFI^^ f C ^ ^ ® 

j FEB 153 1356 

RS ET AL J 

DIMISSQN » 


JAMES H. SAUNDERS ET AL j 

SERIAL NUMBER: ^ 7 ^, 0^6 j DlMiSSQN ^ 

PILED: AUGUST 7 , 195:5 DIVISION 50 

TITLE; NOVEL RESINOUS ) 

COMPOSITIONS AND ) 

METHOD OP PRODUCING 1 

SAME ) 

POWER OP ATTORNEY 

The Honorable Commlaaloner of Patente 
Washington 25, D, C, 

Sir: 

In the matter of our application for Lottere Patent 
on NOVEL RESINOUS COMPOSITIONS AND METHOD OP PRODUCING SAME, 
filed August 7, 195^, Serial No. J73,Oji6' 

We hereby appoint P, M. Murdock, Registration No. 
15,1^9 and Donald J. Haefele, Registration No. 15,099, both 
of 1700 South Second Street, St. Louis 4, Missouri, or either 
of them, as our attorney, with full power of substitution and 
revocation, to prosecute this application, to make alterations 
and amendments therein, to receive the patent, and to transact 
all buelness in the Patent Office connected therewith. This 
appointment is not a revocation of previous powers. 

Please address all correspondence to r^nald J. Haefele 
at the above address. 

Signed at New Martinsville, West Virginia, this 
day of ■^4)^. . 1956. 


1956. 


J^iCB H. Saunders 

,, J'Ui£4aM 

Heroert L. Heieo 
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DEPARTMEHT of COMMEiSCE 

UNIYRU BTATEa PATENT orPiCB 
Wauhinoton 


lf#bo 27, 1956 


In f applleatlen of 
Janes H* Saunders et al« 

Serial No. 373,036 

Piled Au«. 7, 1953 . 

novel resinous ooaposltloas , eto. 

Dlv« ^0 — — 


Eliaer P. Ruoker 

o/o Monsanto Chemical Co. 

1700 S. Second St. 

St. Louis, Mo. 


Sir I A 

D^ld J. Haefele, (ex patte Eggan, 1?2 0.0, 1091). 


Very respectfully, 


I 


d-. d, L a i ^ 


Head, Docket Branch 


5 ? 
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Tfer* 


I ■»«•» 


DEPARTMENT Off COMMERCE 

UNITED STATCB PATENT OPPICE 
Washinoton 


tIUi t hmi i gi*« tim 

otrm Diimir. dta* «/ A'infr 
mU MUM V th tiHimrtt. 


Donald J« Haofulo 
ItOO South Second Street 
St. LouiSf Missouri 


Phm—Jind btlomm eommunleattsnfrom th» 
EXAMINER tn ehetrga cj opplieatiotu 


J 




/ipptleanti , 

.TAmna Saiin/1 al - 

Sw. JVo. 



WAn.® 

OCT 25 'ra 

f'idd 

for 

NOVEL RESINOUS COM- 
POSITIONS AND METHOD 
„.ag PRODHdlNS SAME — 


Ow Bw i^ lB Ra r WMi*— t fc 


ReBponslfe to amendment filed October 7» 195J4-* 

Reference appliedt 

Sijaort et al 2,577»2Ql D®o. I*., 1951 260-2. 5A 

1, Clalaa 4 6o 6, 9 to 12 and 14 to 20 appear herein. 

2, Claims 4 to 6, 9 to 12 and 14 to 20 are rejected 

as unpatent oble over the references cited in paragraph 3 of the 
last Office action. Again, nothing critical is seen in the pro- 
portions or the use of a solvent or a oateuLyst since these do not 
appear ail of the claims. In re Ripper 1949 C.fi, 29; In re 
Fear U.S.P.Q. 403 * Purthermora it is well within the purview 

of one skilled in the art to know that the use of plasticizers 

will provont the fcrmatioa of relatively brittle product and also, . 
that the use of halogenated piastloiters will aid in the formation 
of products which are flame retardant. 

3 , Claims 4 to 6, 9 to 12 and I 4 to 20 are rejected ns 
unpatentable over Mastln et al# Seegerd) and (2), Pratt, etc. for 
the reaoons set forth in paragraph 2, supra, in view of Simon et al, 
newly cited. Simon et al at oolumns 11, 12 and 13 disclose that 
alkyl esters of aryl phosphoric acids and the trlchloralkyl phos- 
phates which are used to impart flame resistant prooortles to the 
polyurethane resins also serve ae plasticizers. Simon et al may 

^0 
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us. .. higu ,8 25 gr„, tj,, p„iyi8o.y.n«t» to JO gruu of tho 
poly.st.r (oxupl. 9) ,nd vsi-ytng propopllons of tbo plastlottor 
(.xuipl. 3). Contrast thl. ptth oxanpl, 19, axamplo of th. 
Instant application uhar.ln aoproxlnatoly «. part, of th. rosin 
oondansat. ar. r,act.d with 31). part, of th. polylaocyanat,. To 
utllla, th, flana retardant plastlclsar as th. reaction medlun for 
Mastln at al, Pratt, etc. would not Mnount to Invention. 

k. Clams I, to 6. 9 to 11 and U io 20 »■. rejected 
a. based upon Insufficient disclosure. These clams ar. drawn 
to a pre-fomed polyci.r containing a plurality of urethm. or 
thlourethuie groups which la then reacted with additional poly. 
l.o.y«-t., whereas th. excapi.. only dlsolos. organic polyhydroxy 
oonpound. whloh are reacted with a polylsocyanate. language In the 
olams: «.,ld second — nentloncd reactant" (ol.ln 11, im.a 8 
to 10, for oxunpl.) Is not a sufficient disclosure .me. *ul. 71(b) 
P»9ulr.. a cpeoifio ,„hodm.nt, vl... .» «..«pi. showing .p.,ui, 
proportion, of reactants, ate. olalm 12 appear, to conform with 
the «.m.pl.. set f„,th i„ the Instant application. 

S. Olalm. It to 6. 9 to 12 and li, to 20 are p.>ct.d 
as falling to properly define the alleged Invention. Th. ei.s.. 
ar. unduly broad in that th. proportion of th. component, are not 
adequately s.t forth, ui also In th. de.orlptlon of th. pla.tl- 
ola.r, Th. clam, are vague and Indefinite In the d.scrlptlon of 
th. oatalyst. It 1. obvious that not all such compound, would 
.at a. oatalyst. «.d yield th. appUc.nt hi. desired reeulte. Th. 
olalm. «■. too broad. Indefinite In the description of th. poly- 

laooymat. for example "wherein R 1, organic radical". Olarl. 
floation la roquljaed* 

6. There Is no clam generic to the method claims. 


V/ 
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Sariftl Mo. 373*036 - 3 - 

11s# sp#ol#s olalns ar#! 4 6* 9 to ISftod 14 to 20^ Th# 

spdoioa apst 

A) Method of Claln 4 

B) Method of Claim 12 

Applioante are required (1) to elect a elngle dlsoloaed epeoles 
even thou^ this requirement be traversed and (2) to list all 
claims readable thereon, Including any claims subsequently added. 
Section 809. 02(e) M.P.B.P. 

7. No olalm is allowed. 


DBCsaJaseJo 



Examiner / 


l{ ^ 
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RECeiVED 
MAR 8 1957 
division 50 


\ 


IN THE WII'reD STATES PAT>:NT OFFICE 


l! JAf'TES H. SAUNDERS ET AL. 

SERIAL NO. 37:^,056 

FIIJID! August 7 » 1953 

TITLE! NOVEL RESINOUS COMPOSITIONS 
AND METHOD OP PRODUCINO SAME 


Division Vj 


Q 


j The Honorable Conunlssloner of Patents 
Washington 25 > D. C. 

Sirs , 

Please recognise CLELLE W. UPCHURCH, Registration ' 

No. 16,742, of 1700 South Second Street, St. Louis 4 , Missouri, 

ua my associate in the matter of the above -entitled application, ' 
I 

j with full power to prosecute this application, to ma.ee 
alterations and amendments therein, to receive the patent, and ' 

1' ' 

i to tran.sact all business in the Patent Office connected therewith. | 
! 

■ Please uddroas ail correapondcnce to Clelle W. Upf'rirch ' 

!| 

j at the above address . 

i 

I 

signed at St. Louis, Hisaouri, this Sth day of March, 

1957. 

i 

I 
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PAPIER NO . 
REr;.E,l VE D 

MAR 1 4 1957 
DIVISION 50 


IW THE UKITBD STATES PATCNT OFFICE 


|; APPLICATION OP 
|| JANES H. SAUNDERS ET AL. 
i SERIAL NO. 375,056 
jipilEDj Auguet 7, 1953 


mnsiof 50./ 


ITXTLR: NOVEL RESINOUS COMPOSITIONS ) 
jj AND METHOD OF PRODUCINO SAME ) 

ji 

'i AMENDMENT 

11 

jlThe Honorable CommlsBioner of Patents 

IWaBhington 25, D. 0. 


i*Slrj 


The Offloial Action dated Ootober 25, 1956, was received 


and, in response thereto, please amend the application as follows: 


;iln the claims I 


Claims 


/■ / 

5 and 6, 


line 10, before "compounds". Insert 


I-- oxygen bearing — 


ilftSfioalatBi 


/ / 

Claim l¥, line 2, al^ter "reacting", insert --^l while 


associated with an inert organic plasticizer having a boiling 

notnt nt afc Ahniif. _ I 1 rto 11 


.,.,;ROint_qf at least about 200‘’C.J--; line 11,'^ after "reactant", 
jlnsert — a period -- and cancel the remainder of the claim. 

li ' /• /' 

ij Claim 17, line 2, after "reacting", insert --I'Whlle 

. 1;^ 

I associated with a catalyst aolected from the group consisting of 
oxygen bearing compounds yielding in aqueous solution lonlzablc 
hydroxyl and substltuted^hydroxyl groups and precursors of said 

_ Icompounds ; line 11^ /after "reactant". Insert — u period -- and 

i; ( 

cancel the remainder of the claim. 
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PAPER NO^ 


RECEIVED 
MAR 1 4 1957 

DIVISION 50 


/ / 
n j — Ni “a 


Olaia 18, lino 15, bafore "oompounda", Inaorfc — oxygen 


bearing — , 


/ / / 
olaliaa 9 through 12, 

r^the following claims i 

X 


Inse 


— 21. In the manufactui 


of polyurethane products by 
a process Sbtfjprialng reacting an organic compound having reactive ! 
hydrogen atoms wi^iv, a compound halting NCX groups, wherein X la 
selected from the class consisting. of 0 and S atoms, to form an 
adduct having groups eeleoted from the class consisting of ' 

urethane and thlourethane groups, and reacting NCX groups with th«| 
active hydrogen atoms of the resulting urethane and thlourethane 
groups in said adduct, the iinprovement which comprises effecting 
the last said reaction while ’the adducjb Is associated with an 
Inert organic plasticizer. / 

I 

■ • / 


I 
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PAPER NO 1 

RECEIVED 

MAR 1 4 1957 , 

i 

division 50 ! 

I . ' f < I 

I ■ 

22 , In th« manufacture of polyurethane products by a 

pmcesB comprising reacting an oirganio compound having reactive 
hydrogen atoms with a compound having NCX groups, wherein X Is | 
selected from the class consisting of 0 and S atoms, to foxvi an i 

‘ i f 

adduct having groups selected from the class consisting of : 

‘ urethane and thlourethane groUps, and reacting NCX groups with ! 

'' 

;j the active hydrogen atoms of the resulting urethane and ! 

I thlourethane groups in said adduct, the improved method of making j 
ft flexible cellular product which comprises adding as a catalyst ; 
an oxygen bearing compound which yields In aquerus solution a 
I group selected from the class consisting of lonlzable hydroxyl 

i! 

j groups, substituted hydroxyl groups and precursors of such 

' ' ,■■ ■ 

! compounds to a solution of said adduct comprising an organic 

t , 'v 

!! plasticizer having a boiling point of at least about 200*C. 

'i 

i! thereby bringing about the last said reaction. 

i! 

, 23. In the manufacture' of polyurethane products by a 

; process comprising reacting an organic compound having reactive 

I 

'hydrogen atoms with a compound having NCX groups, wherein X is 

ii 

'! selected from the class conslltlng of 0 and S atoms, to form an 

II 

,, adduct having groups selected from the class consisting of 

' ' 

!l urethane and thlourethane groups, and reacting NCX groups with the 

i 

i, active hydrogen atoms of the resulting urethane and thlourethane 

i' ‘ * 

■groups in said adduct,! the Improvement which comprises effecting 1 

ij ■ " • 

j'the last said reaction by heating said adduct while associated 
i'with an Inert organic plasticizer having a boiling point of at 

jt 

<! least about 200 *C. 

;i 
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PAPER NO. 

RECEIVED 
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DIVISION 50 


S4, In the miuiufaotiu'e of polyurethane products by a j 
prooess comprising reacting an organic compound having reactive 
hydrogen atoms with a compound having NCX groups, wherein X is ^ 
selected from the class consisting of 0 and S atoms, to form an i 
adduct having groups selected from the class consisting of | 

urethane and thiourethane grouj^s, and reacting NCX groups with 

I 

the active hydrogen atoms of the resulting urethane and thlo- 

i ; 

urethane groups In said adduct, the Improvement which comprises 
effecting the last said reaction while the adduct Is dissolved | 

* I 

In an Inert organic plasticizer having a boiling point of at least! 

I > 

about 200 *C. * 

I 

25. In the manufacture of polyurethane products by a i 

' i 

process comprising reacting an organic compound having reactive 

' ■ ! 

hydrogen atoms with a compound having NCX groups, wherein X Is j 

I ‘ 

selected from the class consisting of 0 and S atoms, to form an 

t , 

adduct having groups selected from the class consisting of I 

urethane and thiourethane groups, and reacting NCX groups with 
the active hydrogen atoms of J the resulting urethane and 
thiourethane groups In said adduct, the Improvement which ! 

comprises effecting the last ^ said reaction while the adduct Is | 
associated with a catalyst which Is an oxygen bearing compound ' 

i ' 

selected from the group consisting of compounds which yield In ; 

aciueous solution lonlzable hydroxyl groups, substituted hydroxyl 
groups and precursors of such compounds. > 
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{ 
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I 
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) 

I 

I 26. In the Banufacture of polyurethane products by a 

1 process ooBprlsing reacting an organic compound having reactive j 
.hydrogen atoms with a compound hiving NCX groups, wherein X Is | 

I selected from the class consisting of 0 and S atoms, to form an , 
i adduct having groups selected from the class consisting of ! 

! urethane and thlourethane groups', and reacting NCX groups with 
j the active hydrogen atoms of the| resulting urethane and thlo- 
j urethane groups in said adduct, |the improvement which ccmprloes , 

I effecting the last said reaction while the adduct is assooiated 
! with an inert organic plastlelsor having a boiling point of at 
i least about 200’C. and a catalyst, which is an oxygen bearing 
I compound selected from the group consisting of compounds which , 
i yield In aqueous solution loniz'able hydroxyl groups, substituted 
i hydroxyl groups and precur8or87of such compounds. 

' I ^ ! 

27. The method which comprises reacting a oompouno 
having as its sole reactive groups NCX groups and the groups 
i selected from the class consisting of urethane and thlourethane 
j groups wherein X is selected from the group of atoms consisting 
1 of 0 and S atoms, with a compound having NCX groups while 
’ associated with an inert organic plasticiser having a boiling 
.point of at least about 200 *C. 
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28 . Th® method which oomprlB®® reacting a compound 
having aa Ita sole reactive groups/ NOX groups and the groups 
selected from the class consisting of urethane and thlourethane, 
whex^ln X Is selected from the gr^up of atoms consisting of 0 and 
S atoms I with a compound having IjfCX groups while associated with 
a catalyst which Is a compound selected from the class consisting 

I 

of oxygen bearing compounds which yield In aqueous solution 
lonlzable hydroxyl groups, substituted hydroxyl groups and 
precursors of such compounds, '.j 

29 . The method which comprlsjs reacting a pclyhydroxy 

compound having as Its sole peactlve groups NCX groups and the 
groups selected fz*om the ‘eiass consisting of urethane and thlo- j 
urethane groups wherein X Is selectid from the group of atoms I 
consisting of 0 and 3 atomp, with a compound having NCX groups 
while aeaoclated with an inert organic plasticiser having a boiling 
po^t of at least about ^00*0. -- | 


I REMARKS ' 

I 

Reconsideration of the application In view of the 

1 t 

foregoing amendments and the following explanation ,1s respectfully! 
requested. - 

It Is submitted that no possible combination of the 
references will produce applicants' novel process. The patent to ' 
Pratt discloses the reaction of a phenol formaldehyde Nsin with 
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< I 

a polyisooyanate to form a polyurethane. There la no teaching j 

» 

In the patent of the reaction of a compound having a uretihane , 
j group with an NCX group while aaeoclated with either a plasticizer i 

t 

{ or the novel catalyst recited by applicants' claims. It Is true | 

I i 

; that Pratt discloses a urethane In Column 2 of page 2 , but he does ' 

i I 

not disclose the organic plasticizer or the tatalyst. I 

i 

I 

1 The patents to Seeger, 2,625,551 and 2,625,552; i 

disclose processes for z^actlng a polyester with a diisocyanate 
but this reaction Is not brought about while associated with an 
organic plasticizer or while associated with the novel catalyst 
I of applicants' claims. | 

i' I 

|| Schmidt et al., 2,621,166, disclose a process which I 

ii . i 

Involves reacting a polyester with a dlisocyanate, cross-linking i 

with an amino hydroxy compound or turilne and then further reacting j 
with a dlisocyanate. Schmidt et al. did not bring about their ^ 

1' reactions In the presence of an organic plasticizer or applicants' 

i 

!! novel catalyst. 

’! . • 

I . 

The Simon et al. patent, 2,577,201, relates to the 
i preparation of a flame retardant cel''ular plastic material by 

I 

Incorporating an alkyl ester of an aryl phosphorla acid In the | 

: plastic. Simon et al. did not contemplate and do not disclose | 

I' applicants' method of making a flexible polyurethane plastic by | 
■ bringing about the reaction between the urethane group and the NCX ^ 
(group while associated with a plasticizer; Neither did these . 
I Inventors contemplate the reaction In the presence of a novel | 
’.catalyst recited by applicants' claims. j 

6"^ 
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Maatln dt al»* In 2|625».535f dlaolose a prooeaa for 
reaotlng a d^aocyanate-modlfled polyester with a particular' 
dllaooyanate, but applicants' pMceaa of reacting the compounda 
I together while In the presence of a plasticizer or novel catalyst : 

I 

j Is not disclosed# j 

i 

As applicants have pointed out in the last paragraph of ' 
their specification, the reaction between the compound having the 
urethane or thlourethane group with the Isocyanate or thiolso- 
oyanate group must be brought about In the presence of the 
plasticizer In order to obtain a product having the improved j 
flexibility. If the reaction Is brought about In the absence of ' 
a plasticiser and the plasticizer Is then added to the product as i 
disclosed In the various patents discussed In paragraph ^ of the 

I 

Office Action, the result Is not obtained. Applicants, therefore, 

I 

are not merely adding a plasticizer to a polyurethane product to • 
produce flexibility. They found that the Reaction must be brought} 
about while the reactants are associated with the plasticizer and j 
claim such a prooesa. ^e term "organic plasticizer" has been | 
used to describe the organic liquids and solvents making up the 
class of compounds described In the specification. Several ! 

Illustrative examples of such compounds are listed In the last 
paragraph, page 6. \ 

Applicants' cellular product is prepared in accordance 
with their invention by bringing about the reaction between the 
compound having the urethane group or thlourethane group with the i 
isocyanate or thioisocyanate group while associated with a , 

• I 

5 -) 
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catalyst which yields ionlzable hydroxyl groups In aqueous 
solution. This preparation Is novel and produces a cellular 
plastic having unexpected advantageous characteristics. A 
flexible cellular plastic may be prepared by bringing about the 

! reaction while the compound having the urethane group and the 

i 

, isocyanate are associated with both the catalyst and the 
' plaBtlolzer. Such a process is not contemplated by the 
references « so it is felt that the claims are allowable. 

! 

' I 

ji It is believed evident from the foregoing that i 

j applicants do not rely solely upon ^he proportions recited by some! 

I of the claims to contribute patentability to their proccssi so the; 
1 ' 

i In re Ripper and In re Fear doctrines are not applicable. It may j 
I I 

! be that those skilled in the art know that a plasticizer should bei 


!' used to avoid a brittle product, but, as pointed out above, those . 

!l ■ I 

|l in the prior art did not. know and do not teach that the . { 

i ' I 

plasticizer must be present while the reaction is brought about. 

The product of claims ^ through 6 and 14 through 20 or the process' 

I ' 
ji of the other claims la not produced by the prior art relied upon. 

II 
ll 

I The various rejeotlons of paragraph ? are felt to be 

I 

I improper because the patents do not disclose that the reaction 
must be brought about in the presence of a plastlolzer. 

! 

1 

With respect to the rejection in paragraph 4, the ! 

Examiner's attention is directed to the last sentence on page 1 ofj 
i' the specification whore applicants disclose that sufficient NCX 

I 

groups should be used to react with at least two urethane groups. ' 
j Of the rejected claims, claims 4 through 6 and 9 through 12 have > 


5 “^ 
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been canceled. The newly added claims do not contain thla 
illmltatloni but It la felt that It can be properly Included In 

r 

I claims l4 through 20 In view of the foregoing disclosure. 



j It Is submitted that theeldlms are commensurate with 

1 

applicants' disclosure. Applicants have taught broadly their 
novel reaction In the presence of the plasticizer and obviously 
the proportions of components are not critical. The result Is 
bzeught about because the plasticizer and catalyst are present. 

It is felt, therefore, that the suggested numerical limitations i 
would unduly limit the claims and are unnecessary. Anyone 
reading the specification would understand the type of catalyst 
applicants claim and that any organic Isocyanate suitable for 
makli^ polyurethanes may be used. Insofar as applicants know, 
any oxygen bearing catalyst which Ionizes to form hydroxyl groups ; 
in aqueous solution will be suitable for their purpose and they j 

have disclosed that such catalyst may be used. It is therefore j 

I 

felTj that the rejection In paragraph 5 should be withdrawn. i 


The newly added claims 21 through 26 have been ; 
i • i 
j rewritten In the In re Jepson form to point up that applicants' 


I Invention Involves bringing about the reaction while the adduct 


i' 

Is associated with an Inert organic plasticizer and applicants' 
novel catalyst. It Is believed that the Invention Is clearly 
j defined by these claims. Claim 22 differs from claim 21 by 
j specifying the minimum boiling point of the plasticizer and by 
I also requiring the use of the catalyst' to produce a cellular 

I 

jj product. Claim 23 differs from claim 21 by reciting the boiling 
j| point of the plasticiser. Claim 24 states that the compounds are 
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dlSBolvtd In tlw organlo plnatloixer. CI.ftln 25 la dtreoted to tha j 
Mtthod uatnc tha noval catalyet for naklns a oallular product i 

, ■ I I 

Nhlla olaln 26 raoltaa a prooaaa in which both an organic | 

plaatlolMr and tha catalyat arc uaad. Xt dtffera from claim 22 | 

by not raoltlng that a flexlbla cellular product la produced. I 

I 

Olalata 27 and 26 art not In the Xn re Jepaon ty jut briefly \ 

recite the apeclfic atop of reacting the organic, compound having j 

the urethane groups with the NCX groups while aasoelated with tha , 
plaatloleor a3Sd catalyst, rei^pectively. Claim 29 la similar to | 
clalB 27 but reolU>a "poXyhydroxy compound." These claims differ 
from the other olalma In their form and it la believed that they, 

I 

along with tha other olalaa will be found allowable. I , 



Tlte rtgulraaent of an aleotlon of apaoles la not { 

I 

understood alnca claim 4 is not a method claim. However, it 
appears that the Examiner la referring to the foot that no j 

plasticiser or catalyst la Inolud'^d In claim 12. Claim 12 hac 
bean oanoelsd and oatalyat or plaatlolasr oppeara In each of the 
cth^r olalma. Appllcante tharefore aloct the speclea of claim 4 
and are of the opinion that each of them reads on the same speeles. 


I Xt la bellsvsd' that tha fors^olng la a oomplate response 

to the Official Action and that each of the ulalmo remaining In the 
application will be found allowable. Pavorable reconolderatlon ' 
with allowance of the olalme la tharafure earnastly aolloited. 

I 

Reapeotfully aubmltted, I 

t 

JAKES H. SAUNDERS j 

HERBERT L. HSXSS | 


i) By 2*fK*/.**^^*^ ' 

I " ^Icl 'I e ' V:' l^church 

Attorney for Applloanta 

3t. Xoula, NlsAouri 
'Narch 8, 1957 
jCWJjgg 
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RasponoiTO to uiondKant fllod Roroh 12, 1957. 

Raferonoaa noda of raoord* \ 

Rinin. At ai 2.511,5)t)t> Juno 13, 195® 260-77 *5^ 

Sir. n s (,. 

1 . OlolMS 4 to 6 and 14 to 29 oppoar haraln. 

2. Clal«a 4t 14 24, 27 and 29 are 

rajootad aa unpateatabla OTor Rlnko at al. This rafaranoa 
dlsoloaat tho raaotlon of a compound eontalnlnc aotlvo hydrogens 
with an organic polylaooyanato In the prasanoo of an Inart 
organic liquid haring a boiling point of at least about 200O«;. 

See coltfflus 1, line 54 example 23 of Hlnke et ai, for example. 

Mo patentable distinction is seen In applloanta* claimed order 
of reaction since thar dlscloaa that the adducts can be formed 
in situ In the organic liquid which la taught by *'lnka at al. 
Nothing critical la seen In applicants' claimed parcentage of 
organic liquid. 3ea page 20. lines 23 end 24 of th. spaclflcatlon. 

3 . Claims 5, 6 , 1? to 20. 22, 25, 26 and 20 are 
rejacted as unpatentable orer oiw>n et al ^ 2 ) alone or taken 
with Rlnka et al as set forth In paragraph 2 supra, aimon at al. 
( 2 ) disclose applicants' oialmed type of catalyst which la 

used in the production of cellular railns from actlra hydrogen 
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eentalnlng compounds and organic polyisocyanates. See 
column 3. line 60 to column Uno 75 of tUtaon et aX. for 
example. Nothing critical la seen In applicants' claimed 
order of reaction aor in the use of the organic liquid. 

Sinks et al disclose the preparation of applicants' adducts 
in an organic liquid as the reaction medium, 'fo try the 
catalysts of i^imon at el l2i in the process of «lnko et al 
so as to produce a cellular resin would not InToire InTention. 

4. O’lfcims 4 6o 6 and 14 to 29 are rejected as based 
upon an inauffioient disciosur* as set forth in paragraph 4 
of the last Office action. The atatement on page 1. last 
sentence, is nothing r/ore than sn InTltstion to the publie 
to experiment end determine what proportions are operatiTe. 

The method set forth in claims 21 to 29 is ambiguous and can 
therefora be interpreted to mean that additional ditaoeyanata 
is added. To reply that it would be withln'‘tho purview of 
one skilled in the art to detemlnn the proportions would be 
of no moment since "ule TUb^ has no reference to one skilled 
in the art. 

Claims 4 6o 6 and 14 to 29 are rejected as being 
unduly multiplied. No patentable distinction is seen In the 
'' ^epson type elaisis (21 to 26) over the other claims in the case. 
Neduetlon to a reasonable number of oleins, say 12 claims, is 
do'-ordarx, 

6. Claims 4 ^0 6 and 14 to 29 are further rejected 
aa falling to properly define the alleged invention. A) Claims 4 to 
6 and 14 to 29 ara unduly broad in the phrases, “an organie 
oompound eontalaV <g a plurality of urethane groups'" and “an 
organic compound containing a plurality of groups selected from 

6 -^ 
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the eleas eonsletlng of urethane and thleurethane groupa", 
reapeatlrelx. The abore phraaea enoonpaaa polyvinylpyrrolidone 
or the reaction product of ohlorooarbonla aaid ester with 
hydrailne which have not been dlaoloaed aa operative* B) 

Clalna to 6 and 14 to 20 are Indefinite In "H(PCa) 

n 

wherein R la an organlo— of at least 2" In that nesative 
limitations should not be used In the claims. 0) Claims 21 to 
26 are too broad la the phrase" an organic compound having 
reactive hydrogen atoms" since this reads on epoxy resins which 
contain active hydrogen, polyvinyl alcohol, etc* which have not 
been disclosed. D) Claimm 21 to 29 are to© broad In the phrase 
"a compound having NQl groups— -0 and a atoms" and claims 2/ to 
29 bre too broad la "with a ebnpouad having MUX groups" since I 

it reads on calcium diisocyanate, silicone tetralsocyanate, etc. 
whieh have not been disclosed* Hi The phrases "a compatible 
organic liquid— at atmospheric pressure" (claims 4 and 6/, 

"Inert organic- — about 200Oi;" (claim 14), "non-reactlve organlo | 

j?MMure" (claim 18), Inert organic pla8tlclEer‘'^clalm 21) and 
"an organic — about 200O0" (claims 22 to 24. 26 and 29) which ! 

are used to define the organic liquid reaction medium are unduly 
broad and indefinite. It Is not seen Wherein all the compounds 
encompassed by the febove phrases would be operative, i^irthermore, 
come of the claims read on plasticisers which have low boiling 
points, eg* 75^^ or less, which have not been disclosed as 
operative for applicants' purposes* Bee page 6, lino 12. 
y) A'he phrase "a catalyst selected from the group consisting 
of oxygon— hydroxyl groups and precursors of said compounds" 
which appears In claims 5, 6, 17 to 20, 22, 25, 26 and 28 Is 
too broad* ihe use of such broad language in the claims Is 
not warranted In view of applicants' limited disclosure. 

As to rejection M and y suprai By the use of such broad language 


6^7 
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in claims applicants arc mepely extending an Invitation 
to the public to experiment and detcMilne Just what other 
compounds would be operative In applicants' process, in this 
Pespept see In re Soil 193« C. D. 723 . Claims 25. 26 and 
28 appear to be Inoomplete In that they call for the presence 
of a catalyst which would therefore yield a eellultr resin. 
Therofore, some lam^age denoting that a oellular resin le 
obtained should be Inserted In the claims, ti) All the elalms 
are too broad In that the ratio of the polyisocyanate to the 
adduct Is not set forth. ‘I'he claims as they now stand read on 
suoh amounts whloh would yield l^u»psr’stl,ve resulta, aee page 5f 
lines 6 to 15. 

7* *lo elalm Is allowed. 

OSOMjatbg iixanlner 
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JAMES H. SAUNDERS ET AD. 

SERIAL NO. 373,036 

PILED I August 7, 1953 

TITLE « NOVEL RESINOUS COMPOSITIONS 

AND METHOD OP PRICING SAME j 

I 

The Honorable Commissioner of Patents 
Washington 25, D . C. 

!! sin 

Please addreaa all future oorreepondence in the above 
Identified application toi 

Clelle W. Upchurch 
1815 Washington Rd. 

Plttaburgh 3^, Pennsylvania 

Respectfully, 


Clelle W. Upchurch ^ 
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AMEND M E N T 


r The Office Action dated July 51, 1957, was received and/ 

/ jilL^in response .thereto, the application Is amended us follows: 

\ S-f 'I / 

j-V ’ ■' / 

n\ ■ Please cancel all the claims and rewrite them as 


ij follows i 


if -!>, 


As a new composition of matter, the product 


ij obtained by mixing a compound having the formula R(NCX)n, wherein 
!,; R Is an organic .radical free Cmm functional groups other than 
I -NCX. urethane and thlourethane groups, X la selected from the 


-NCX, urethane and thlouretharw groups, X la selected from the 
group consisting of oxygen an<4 sulfur, and n Is an Integer of at 
least 2, with an organic com]^.u^ having hydrogen atoms reactive 

with said -NCX groups, the fa^io^'f”n(NCX)jr^ to organic compound 

ii 

1 ^ having reactive hydrogens"^ t^ing greater than 1:1, and thereafter 

ll ^ . 

i' maintaining the resulting adduct under substantially anhydrous 

conditions until polymerisation with the formation of a product 

!! / 

of greater molecular weight. 



I 
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As ftyww composition of matter, the product 
obtained by mixing acompound h^lng the formula R(NCX)fi, wherein 
R Is an organic radlcai^ free fr6m functional groups other than 
-NCX, urethane and thlourethand groups, X Is selected from the 
group consisting of oxygen andf sulfur, and n Is an Integer of at 
least 2, with an organic compound having hydrogen atoms reactive 
with said -NCX groups, the ratio of R(N0X)n to organic compound 
having reactive hydrogens being greater than Itl, and thereafter 
heating the , resulting adduct under substantially anhydrous 
conditions and at a tempertreure of at least about 6o*C. until 
polymerization with the fojfmatlon of a product of greater 
molecular weight# 


|i As a new 

obtained by\flxlng a^ 

R Is an organic radical 
-NCX, urethane and th^ 


imposition of matter, the product 
Jouni$^avlng the formula R(NCX)ni wherein 
from functional groups other than 
thane groups, X Is selected from the 


group conol8tlng/<^f ox9l>en and sulfur, and n Is an Integer of at 
least 2, with an or^anlJ compound having hydrogen atoms reactive 
with said -NCX grJups, the ratio of R(NCX)n to organic compound 

having reactive hydrogens being greater than 1:1, and thereafter 

I 

heating the resulting adduct under substantially anhydrous 
conditions and at a temperature of from about 100 ‘C. to about 

125*C. until polymerl:/atlon with the formation of a product of 

I 

greater molecular weight. 


y 
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55. AsU new compoelltion oi matter, the product 
oMalned by mixing' « compolnd hiving the formula R(NOX)n, wherein' 
R le an organlo radical free frim functional groups other than , 
-NOX. urethane and thiourethane Vroupe, X la aelected from the 
group conoletlng of oxygen and allfur, and n la an Integer of at 
leaet 2, with an organlo compound^ having hydrogen atoms reaot- 
ulth .aid -NCX group., the ratio U R(!10X)n to organic compound , 
having reactive hydrogens being greater than 1.1. and an inert 
compatible organic plasticizer havVng yelling point of at least 

about aO0*C. 

54 . Aa a new compoaltloribf'natt^ the product 
obtained by mixing a compound wlllA'Xhe formula R(K 0 X)„, wherein 
R is an organic radical free from/fuyional groups other than 
-NOX, urethane and thiourethane grouis, X Is selected from the 
group consisting of oxygen and sulfurl and n Is an Integer of at 
I least 2, with an organic compound having hydrogen atoms reactive 
i with said -NOX groups, the ratio of R(VoX)„ to organic compound 
having reactive hydrogens being greateA than 1.1, and thereafter 
heating at a temperature of at least abU 6o-0.. a mixture of t..c 
resulting adduct and an Inert oompatlblA organlo Xl'.uld having a 
I bo 111 nE_p^ nt of at l east about 200 9 • \ — 1 


55. The reaction produ^ of trlol prepared by 
londenaatlon of an aWene oxl^ and an organic trlhydroxy 
compound and an AxcTss of a’ccj^ound having the formula R(K 0 X)„ 
over that rewired to -resAiyith all of the hydroxyl groups of the 
trial) R in said foAiula ^elng an organic radical, X being 
selected from the-group^conslstlng of oxygen and sulfur and n 
being an Integer of ay least 2 . . {] 


/■ J 

■"J 


/// 
y>'- ■ 
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37.\ A cured poliurethane prepared by a prooese 
oomprlBlng a compoum having the formula R(NCX}n with an 


organic compound 'having hs'irpgena reactive with an -NCX group, thej 
ratio of said reactants In the resulting mixture being more than i 
1 mol of R(NCX)„ per, mol of compound having reactive hydrogens, | 
and curing the resulting proauct while in admixture with a I 

compound having the formula r|(NCX)„j R being an organic radical, J 
X being selected from the group consisting of oxygen and sulfur | 
and n being an Integer of at ieast 2. | 

38. The product* prepared by reacting^ castor oil /with a , 
compound having the formula R(lbx)n fom an adduct having 
terminal -NCX groups and thereaicte5,^atlng the adduct under 


substantially anhydrous condltiqnyto a 


srature of at least 


j about 60 *C, to effect polymer Izajpidn; R In said formula being an . 
organic radical, X being aeleot*d from the group consisting of 
oxygen and sulfur and n being an integer of at least 2. "r 

59. The product prepari d by reacting castor oil with a 
compound having the formula R(NGXi n to form an adduct having 

t 

terminal -NCX groups and thereafttr heating the adduct while In 

admixture with an Inert compatible organic liquid having a bolllngj 

point of at least aboij^ 200*C. to effect polymerization; R In saldl 

formula being an orgftnlel ipadlcal, ( being selectM from the group , 

consisting of oxygen and sulfur anl n being an logger of at ' 

' I 

least 2. 


I, 
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A cellular polyurethane plastic prepared by 
reacting a expound having the formula R(NCX)n, wherein R la an 
organic radlcai''^free from func ;lonal groups other than -NCX, 
urethane and thlou^thane groups, X Is selected from the group 
consisting of oxygen and sulfur , and n Is an integer of at least 
2, with an organic compound having hydrogen atoms reactive with 
said -NCX groups while in admixture with a catalyst which Is an 
oxygen bearing compound yleldlrg in ayufeous solution a group 
selected from the class consisting of lonlzable hydroxyl groups, 


substituted hydroxyl groups and 


4l. A cellular polyij 
reacting under substantially a 


precursors of such compounds. 


jjrethane plastic prepared by 
lydrwra conditions a compound 

having the formula R(NCX)n, whe:’elt/ R l8,.,an organic radical free 

/ ' 

from functional groups othor^^'^JlCX, urethane and thlourethane 
groups, X Is selected fronr^he ^ roup consisting of oxygen and 
sulfur, and n is an integer of ak least 2, with an organic com- 
pound having hydrogen atoms reacslve with said -NCX groups while 


In admixture with a catalyst whi : 
yielding in aqueous solution a g’ 
consisting of lonlzable hydroxyl 


groups and precursors of such compounds. 


h la an oxygen bearing compound 
oup selected from the class 
groups, substituted hydroxyl 


1 


§ «i 

LH 


r \ 


I 
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A cellular polyurethane plastic prepared by 
reacting a compound having the fbrmula R(NCX)n» wherein R la an 


organic radical free from funct 
urethane and thloure thane group^ 
consisting of oxygen and sulfur 


2, with a trlol prepared by concensatlon of an alkylene oxide and 
an organic trlhydroxy compound hhilfe In admlxturFlTlTCTrirca^yst 
which la an oxygen bearing compeund yielding In aqueous solution 


a group selected from the cldas 
groups, substituted hydroxyl gref 
compounds. 


A cellular polyui ethane plastic prepared by 
reacting a compound having the form^a R(NCX)n, wherein R la an 


organic radical free from functlj 
urethane and thlourethane group: 
consisting of oxygen and sulfur /I 


'onal groups other than -NCX, 

, X Is selected from the group 

/ 

and n Is an Integer of at least 


consisting of ionlsable hydroxyl 
ups and precursors of such 


il groups other than -NCX, 

Is selected from the group 
and n Is an Integer of at 


least 2, with an organic oompo^l having hydrogen atoms reactive i 
with said -NCX groups while In admixture with a compatible organic 
liquid plasticizer having a boiling point of at least about 200 ’C. 
and a catalyst which la an oxygfen bearing compound yielding In 
aqueous solution a group aeleoived from the class consisting of ' 
lonlzable hydroxyl groups, substituted hydroxyl groups and 
precursors of such compounds. 


Ls- 


575a 


A^V^astloized celliilar polyurethane prepared by a 
process comprising mixing castor oil with an exceas of a compound 
having the formula R(iwx)„ over that required to react with all . 
the hydroxyl groups of the castor oil and reacting the said 
compounds together and effecting foaming while in admixture with 


an organic llqui 


;icizer haying a boiling point of at least 


about 200*C., thereby Incorporating said plasticizer in the 

, < 

resulting cellular polyurethane. 

45. In the preparation of^ polyurethane^ by a process 
comprising reocting^a)^compound having the formula R(NCX)n with an 
organic compound having hydroger atoms reactive with -NGX, R in 
the said formula being an organl^r^dlcal, X being selected from 
the group consisting of oxygen ai^ sujLf ur" a~nd n being an integer 
of at least 2, the Improvement-v^lch comprises effecting the said i 
reaction |in the presence of^ a ^/atalyst fcontalnlng^a lower^ alkyl-N-' 
morpholine. 

46 . The proceys of Claim 45 wherein said lower alkyl-N-' 


} morpholine i8._m<?.thyl-Ni^orpholl 


47. The process of Cljp.lm 45 wherein said lower alkyl-N*- 


morpholine is ethyl. morpholine. 


"dV 
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^8. A method for making polymers vplch oomprlses mixing 
a oompound having the foivnula R(NCX)n with m organic compound 
having hydrogen atoms reactive with said -nCX groups In a ratio of^ 
R(NCX}|| to organic compound having reactl^ hydrogen atoms of morc| 
than Itl, respectively! and thereafter maintaining the resulting ' 
adduct under substantially anhydrous confdltlons until polymerize* j 
tlon with the formation of a product of/greater molecular weight; j 
R In the foregoing formula being an organic radical free from | 

functional groups other than >NCX| urethane and thioure thane I 

groups* X being selected from the group consisting of oxygen and 
sulfur and n being an Integer of at least 2, 

49 . A method for maki^ngpolymerr^hloh comprises mixing' 
a compound having the formula R( NCX In an organic compound ' 

having hydrogen atoms reactive wltnydaJ.d**<d<CX' groups in a ratio of 
R(NCX)n to organic compound,Jhdvln^re active hydrogen atoms of more. 


than IjI* respectively* and therea/fter heating the resulting 


adduct under substantially anhydrous conditions and at a 
temperature of at least about 6o**C. until polymerization with the 
formation of a product of greater molecular weight; R In the 
foregoing formula being an orgarilc radical free from functional 
groups other than -NCX, urethane and thlourethane groups, X being 
selected from the group consisting of oxygen and sulfur and n 
being an Integer of at least/ 2. 



577a 






V^O. A method for making polymers which comprises mixing 
a compound having the formula R(NCX)n wyth an organic compound 
i having hydrogen atoms reactive with B&ik -NCX groups In a ratio of 
R(NCX)yj to organic compound having reactive hydrogen atoms of more 
than 1:1, respect'lvely, and thereafter heating the resulting 
adduct under substantially anhydrous jeondltlons and at a 
temperature of from about 100 *0. to About 125*0. until 
polymerization with the, formation oljf a product of greater 
molecular weight; R In the foregoing formula being an organic 
radical free from functional groups/ other than -NCX, urethane and 
thiourethane grovips, X being selected from the group consisting of 
oxygeh and sulfur and n being an ihteger of at least 2, 

51. A method for meting poljatiero Which comprises mixing 
a compound having the formula R(i«X)^ with an organic compound 
having hydrogen atoms reactive »^,h-^ai:a''-NCX groups in a ratio of 
R(NGX)n to organic compound having reactive hydrogen atoms of more 
than 1:1, i^speotlvely, and /n inert compatible organic liquid 
having a boiling point of at lejLst about 200*0, and maintaining 
the resulting mixture under suUstantially anhydrous condlfcionr. 
until polymerization with the formation of a product of greater 
molecular weight; R in the foregoing formula being an organic 
radical free from functional ^oupa other than -NCX, urethane and , 
thiourethane groups, X being jielected from the group consisting of 
oxygen and sulfur and n being an integer of at least 2. 
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^2. A method for making polymehs which oomprlaes mixing 
a compound haying the formula R(NCX)n wltjfi an organic compound | 
having hydrogen atoms reactive with said /-NCjC groups In a ratio oi:^ 
R(NCX}|^ to organic compound having reactive hydrogen atoms of more 
than 111, respectively, and thereafter Heating at a temperature of 


at least about 6o*C. a mixture of the rc 


Ing adduct and an 


Inert, compatible organic liquid having ajaal-lthg'' point of at 
least about 200*C» until polymerization vjlth the formation of I 

greater molecular weight} R in the forei’olng formula being an ' 

organic radical free from functional groups other than -NCX, 
urethane and thlourethane groups, X bel ig selected from the group ' 

I 

consisting of oxygen and sulfur. and n b^lng an Integer of at 
least 2 , ■ ! 

53<> A method for miking a plastic which comprises 
reacting the condensation product ofjyc3llKj^ene'‘'53tlde and an 

organic trlhydroxy oompound/wlth a compound having the formula ! 

**■ ' "" " ' ' ■ ■ ■ " " , / 

R(NCX)jj present In the re'aottlon mixture In an amount In excess of 


that required to react wl^/sald condensation product; R In sold 

/ / 

formula being an org^lc /radical, X being selected from the group 
consisting of oxygen ant^ sulfur and n being an Integer of at 
least 2. / 
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A method for male! 


rig a ] 


plastic which comprises 


i! reacting a trilol prepared by condensation of an alkylene oxide 
l| and an organic , trihydroxy compound with a compound having the 
formula R(MCX)n present in trie reaction mixture in an excess over 
that required to react with /all of the hydroxyl groups of the i 
triol, and thereafter curing the resulting adduct by a process 
which comprises heating,^ the adduct to a temperature of at least 
60*C. while in admlxture^'with an inert compatible organic liquid 
boiling at a tempera'tur^ of at least about 200®C.; R in said 
formula being an organic radical i X being selected from the group 

consisting of oxygen.'and sulfur and n being an Integer of at 

1 / ' 

least 2. / 


i 55. A method for making a polyurethane which comprises 

reacting a compound having the formyia R(NCX)n with an organic 
j compound having hydrogen atoms restive with an -NCX group, the 
ratio of the reactants in the re/ctlon mixture being more than 
1 mol of R(NCX)n pen mol o't-Jjh ff ot hei' said reactant, and curing 
the resulting product while l^«idmixture with u compound having 
the formula R(NCX)„j R In'Sydl’ormura being an organic radical, 

X being selected from the ^oup consisting of oxygen and sulfur 
}! and n being an Integer of/at least 2. 


/ 
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^6. A method for making a polyurethane which comprises 
reacting oaator oil with a compound having the formula R(N0X)n to 
form an adduct having terminal -NCX grouoa and thereafter heating 
the adduct under substantially anhydrous conditions to a 
temperature of at least about 60*C. to/effecb polymerization; R 
in said formula being an organic radical, X being selected from 
the group consisting of oxygen and sulfur and n being an Integer | 
of at least 2, ‘ / j 

37. A method for making a polyurethane which comprises < 
reacting castor oil with a compound having the formula R(NCX}n to j 
form an adduct having terminal >NCX groups and thereafter heating | 
the adduct while in admixture with a compatible liquid having a i 
boiling point of at least about/ 200“C. to effect polymerization; | 
R in said formula being an orgAnic radical, X being selected from 
the group consisting of oxygert and sulfur and n being an Integer 
of at least 2. . ' — 


38. A method foj 


[hg a cellular polyurethane which 


comprises reacting a^'^oi^ound having the formula R(NCX)„ with an 
organic compound havif^^hji4rogen atoms reactive with said -NCX ’ 
groups while in admixture/ with a catalyst which is an oxygen 
bearing compound yielding in aqueous solution a group selected | 
from the class consisting of ionizable hydroxyl groups, substituted 

I 

hydroxyl groups and precursors of such compounds; R in said I 

/ I 

formula being an organic radical frt’' from functional groups othor, 
than -ircx, urethane and thlourethane groups, X being selected from 
the group consisting of oxygen and sulfur and n being an integer 
of at least 2. / 


I 
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''•59. A method for making a cellular /polyurethane which 
comprises reacting under substantially anhydrous conditions a 
compound having . the formula R{NCX)n with ary organic compound 
having hydrogen atoms reactive with said -WCX groups while in 
admixture with a catalyst which Is an oxj^en bearing compound 
yielding in aqueous solution a group selected from the class 
consisting of lonlzable hydroxyl group^, substituted hydroxyl 
groups and precursors of such oompounaa; R In said .formula being 
an ox'ganlc radical free from functional groups other than -NCX, 
urethane and thiourethano groups, X yueing selected from the group 
consisting of oxygen and sulfur^aiW n b^ng an integer of at 
least 2. I / 


6o. A method for ^maJCMgacellular polyurethane which ' 
comprises reacting a compound/hi/ving the formula R(NCX)n with a ; 
triol prepared by condensatioiy of an alkylene oxide and an organlc| 
trlhydroxy compound while In Admixture with a catalyst which Is a.n' 
oxygen bearing compound yielding In aqueous solution a group 
selected from the class cot/slatlng of lonlzable hydroxyl groups. 


substituted hydroxyl groups and precursors of such compounds; R In 
said formula being an organic radical free from functional groups 

other than -NCX, urethaj(e and thlourethane groups, X being 

/ 

selected from the grou|i consisting of oxygen and sulfur and n | 
being an integer of a/ least 2. 
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A nethod for making a oollul^r polyurethane which 
oomprlsea rioting a compound having the formula R(NCX)„ with an 
organic compound having hydrogen atoma inactive with said -NCX 
groups while ih admixture with a compatible organic liquid 
plasticiser having a boiling point of atf least about 200 *Ct and a 
catalyst which la' an oxygen bearing oomUound yielding In aqueous 
solution a group selected from the class consisting of lonlsable 
hydroxyl groups, substituted hydroxyl /groups and precursors of 
such compounds; R In said formula beyng an organic radical free 
from functional groups other than -NCX, urethane and thloux^thane j 
groups, X being selected from the ^oup consisting of oxygen and 
sulfur and n being an Integer ^ a/; least 2. 

62 The process of Clf 
alkali metal-hyAroxlde. 


58 wherein said catalyst Is an! 


65. The process of^ 
alkali metal oxide. 


Lalm 58 wherein the catalyst Is an 



64. Ae process of/cialm 58 wherein the catalyst Is 
calcium hydroxide ^ 

65. The process of Claim 58 wherein the catalyst Is 
an oxide of a metal of Oroyp II of the Periodic Table. 

66. •iw of Claim 58 wherein the catalyst Is 

benxyl trlmethyl ammonium hydroxide. — 


REMARKS 

Reconsideration of the application In view of the 
foregoing amendment and the following explanation la respectfully 
requested! 


14 - 
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All of the olaima !<ave been oanoeled and replaced with 
a new aet of olaima whish more fully clalma the Invention. 
Applloanta were not unmindful of the Examiner* a atatement In 
l^ragraph 5 of the Office Action In preaentlng the new aet of 
olaima. They have made an attempt to reduce the number of olalmo 
but have found that the invention cannot be fully claimed with a 
amaller number of clalma than thoae preaented herewith. Aa will 
become apparent hereinafter, no two clalma overlap each other. 

None of the clalma preaented herewith can be properly 
rejected on Rinke et -al. Rlnke et al. prepare a product In the 
presence of an organic liquid. The product of Hlnke et al. la 
prepared from a monomeric hydroxy compound and an organic 
polyiaooyanate. Aa la clearly brought out in each example, the 


Hlnke et al. product 


from the solvent and the solvent 
her hand, prepare a product whldl 


is removed . Applicants, on the other hand, prepare a product which 
contains a plasticizer. Applloanta ^ not remove their plastici- 
zer from the product. It la absorbed or otherwise becomes 

I 

diaperacd in the product and remains there after oolldlflcatlon or 
gelling. j 


It la believed that the Examiner has overlooked that 
applloanta* prooeaa for making the cellular polyurethane does not 
require the presence of water to produce the pore structure. 
Bubblea are formed in the reaction mixture when the Isocyanate is 
reacted with the organic compound having reactive hydrogens in the 
presence of the novel catalysts recited in Claims 4o through 44 
»«nd 58 through 66 whether water is present or not. Simon et ul. 
prepare a foam by the well-known process of mixing water with the 
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^ _laooyanat« and organic compound having reactive hydrogena. The 

water reacta with NCO groups to form carbon dioxide which becomes 

entrapped in the reaction mixture and la the sole aouroe of 

porosity In the product. No completely aatlafactory explanation 

la available of the reaction which brings about the bubbling in 

applicants' reaction mixture. Water la not required but it does 

not necessarily have to be excluded from the reaction mixture, it 

la poaalble to supplement the formation of bubbles brought about 

by the catalyst with bubbles formed by reaction of water with an j 

-NCO group. This la brought out In the specification where It la j 

stated that the reaction may be conducted in the presence or i 

ab..„c. or wator. However, It 1 . preferred, at leaet In .o<» j 

inatanoe., to operate under the eubotantlally anhydroua oondltlonei 

or olalB 59 . It 1 , believed obvious from the foregoing explana- I 

tlon that no possible combination of Simon et al. with Rlnke et al! 

will produce the novel process for making a cellular poljrurethane ' 

without the reuulr.msnt that water be Included In the reaction , 
mixture. > 

I ' ' ; 

j The olalms no longer Include the phrase objected to In ' 

Paragraph 4, The claims now rewire an excess of the Isocyanate , 

over that required to react with the reactive hydrogens of the i 
Other compound. ' 

I 

I 

The phrases objected to In Paragraph 6 a do not appear Inj 
the new claims. j 

I 

It Is submitted that the def.lnltlon of the formula used j 
In the olalms Is proper and consistent with past procedure. It * 
la not understood how the claim, can be rejected on the basis that 


I 
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i 
1 

J 

j the definition of the formula ueea negative llmltatlone. The 
I terminology, "free from functional group.", appear. In many 
!j patent, and ha. met with the approval of the Board of Appeal, and 
i| the Court of Custom, and Patent Appeals. The limitation on the 
numerical value of n 1. not negative because It states In 

,1 positive language that it must be at least 2. ' 

‘ ■ ( 

•- i 

|! The only requirement of the organic compound having ' 

I' reactive hydrogens la that the hydrogen atoms be reactive with , 

-NCX groups. This Is clearly brought out in the specification and,' 

the Claims now employ such language. The claims no longer read ' 

i on the dllsocyanates mentioned In Paragraph 6 d. They now require ; 

that R be an organic radical, 

I * 

*1 ' 

ii 

j| As Is apparent from the apeolfloatlon, and particularly 

page 6, and the working examples, any organic compound which will ^ 
j| plasticize the product may be used. The plasticizer may be either 
a solid or liquid. It must be Inert and must be compatible with ( 
jl the product. The claims require that It have these properties. * 

|| They also require that the boiling point be at least about 200»C. 
jj Which further dlatlngulshea the product and process from lUnke 
l^et al. The Examiner is reminded that applicants have provided a ' 

I basic invention ^in which the plasticizer is incorporated In the ' 
j product by having It present when chemical reaction occurs. The ’ 

I invention lies In finding that the plasticizer must be placed In ' 

I the product at this time and not In finding a particular 
I plasticizer which will work. As pointed out In the specification,' 
j the product will not have the desirable physical charuotcrlotlcs j 
I if the plasticizer Is Incorporated therein after chemical roacUon.’ 


74 
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i 


i 

hetepooyollQ ring. Always herotofors, a chain extender, ouch as I 

I 

water, a diamine, a glycol or the like, has been used for this ! 

I purpose. Claims 48 through 50 cover the process for making this ' 

j product. ! 

i 

Claims 33 and 34 are directed to a product prepared by i 
effecting chemical reaction and polymerization while the adduct 
is la admixture with the plasticizer. Claims 51 and 52 cover the 
t process for making this product. 

1 

I 

j Claims 35 and 36 are directed to a polyurethane prepared 

(■' ^ i 

i from the condensation product of an alkylene oxide and an organic 
trlhydroxy compound and an excess of an isocyanate or thlolao« 
oyanate. This product is disclosed as a preferred embodiment in - 
several of the working examples and elsewhere in the apeclfloa- 
j tloa» Claims 53 and 54 cover the process of making the product. 


} Claim 37 le directed to the preparation of a cured 

j polyurethane wherein some monomeric R(NCX)fj is' present during the 
chain extension. 

Claims 38 and 39 are directed to a product prepared from 
ji castor oil and polymerization of the adduct to bring about the ' 
j chain extension. These claims clearly distlngulah from any prior 
1 disclosure because no one has heretofore prepared a castor oil- 
j! isocyanate adduct and then effected chain extension without a 

It 

ji chain extender. Claims 56 and 57 are directed to the process for 
j preparing this novel product, * 

It Claims 4o through 44 are directed bo a cellular ' 

'I 

Ij polyurethane prepared with the novel catalyst disclosed in the 

i 

:i . - 19 - 
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j apeolfloatlon. Claim 4l la apeolflo to a prooesa wherein 
i| Bubatantlally anhydroua conditions are employed. Claim 42 la 
' apoclflo to the preparation of the udduot from the oondonaatlon 
product of an alkylene oxide and an organic trlhydroxy compound. | 
Claim 45 la directed to the product containing the plasticizer 
provided by thla invention. Claim 44 la specific to a cellular 
i polyurethane prepared from caator oil and the plasticizer. j 

Claims 58 through 66 are directed to the process for making the j 
cellular polyurethane with the novel catalyst which effects j 

foaming. 

! Claims 45 through 4? are directed to the preparation of t 

l! ' 

ij polyurethanes with the N-alkyl morpholine catalyst. Baals for | 

j these claims is found in the working examples and again on page 1 

20 of the specification. Such catalysts have not been disclosed 
heretofore and have many advantages over the heretofore available , 
catalysts. 

It la believed that the foregoing is a complete response! 
j| to the Official Action and that each of the claims will be found 

I allowable. Favorable reconsideration with early allowance of the ) 

I 

I claims Is therefore earnestly solicited. ; 


Pittsburgh, Pennsylvania 
January 25, 1938 
CWVtgg 


Respectfully submitted, 

JAMES H. SAUNDERS 
HERBERT L. HEISS 


I3y r 

Jrrclle W. /Upchurch 
Attorney for Applicants 
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Ptita$9find b«Iate o eommuittcallon/M>n» 

examiner charge tfc** application* 




Fim N«. H 

AppUeanU 

.T«mna H. Saundera:A-fl,l Bl - 

Str.No, 

•^7^. 0^6 

MAILED 

FERr, 1958 

1 niv 1 ..K/ 

i»-«d4*r-4 9 ^ 

flUd 

August -7.. 1953 ■ — 

for 

NOVEL RESINOUS COM- 
POSITIONS AND METHOD 


CcnunMaiMr •/fa*****- 


Kasponsira to anandoant of January 27| 1958* 

Thffl anondnant of January 27| 1958 (Paper No* 12) 

is das«ed to b* an ineompleto response in that applicants hare 

*ot eonplied with the requiraaonts of Section 809.02(d) of 

the M.P.E.P. (2nd Edition). Applicants have presented various 

species claims, indicated Infra, and have not made an ultimate 

election therefrom as required by the aforementioned section. 

A) As to the foam inducing catalysts 

(1) Alkali metal oxide 

(2) Calcium hydroxide 

O) Bentyl trimethyl ammonium hydroxide 


B) As to the non foam inducing catalyst 
(1), methyl- N-morphollne 
■ (2)" ethyl morpholine 

■ — in each case 

Applicants are required Al) to elect a single dls- 

slosed species even though this requirement bo traversed and 

[2) to Hat all claims readable thareonj including any claims 

subsequently added. Section 809. 02(a) M.P.E.P. 

Applicants must make a complete response within 20 
lays of the mailing date of the letter ao as to avoid the possible 


(Uastion of abandonment. 


). E. Csaittikmw 


Examiner 
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APPLICATIOK OP 

JAMES H. SAUNDBRS ET A).. 

SEiUAt NO. 373,056 

PILED 1 AUGUST 7 , 1953 

T 1 TI 5 : NOVEL RESINOUS COMPOSITIONS AND 
M3TH00 OP rnoDogiNO SA^m 


DIVISION 50 


akkhdnhnt 

The Honorable Conwlsslonar of Patents 
V/asiilngton 85 , D. C. 


I In reaponae to the Offlolal Action dated Pabruary 5 , j 

j ISiSS, please ejaond the appl^batlon as follows. I 

I ClalN 47/ line 2 , between "ethyl" and "morpholine", ^ 

ineert — ■ N — . 

REMARKS 

I Applicants elect to prosecute those claims directed to 1 

I epuolcB a(i) and B( 2 ), Claims 30 through 6l and Claim 63 road on 1 

I 

the species A(l) . Claims 50 through 61 and 63 are more specific i 
! Uian the remainder of the claims with respect to this opcolo. j 
Claims 30 through 45 , 47 and 48 through 66 road on the 
apeclss B( 2 ), Claim 4 ? has been amended to more clearly point outj 
that the catalyst Is ethyl-N-morphollno, 

It Is regreted that the Examiner eonslderod the .tat j 
Amondraont Incomplete and hla Indulgence In this raavtcr 1 1 , 

f ' 

appreciated. • 

• RespQotN^ly submitted, 

JAMES H. ^.AUNDUHS 
/'ERBERT L. UiilSC 

Pittsburgh, Pennsylvania Bv cJ A 

Pobroary 12 , 1958 t fd ' ne T.” f 

C'>ni/sm Attorney for AfPlloantr. , 


591a 


i> 


POM* 

tun. 



U. 9. DEPARTMENT OF COMMERCE 

PATENT OPFICE 

Washington 


AfaMwM* 

tki9 rnp^Utmim «im ifai 
fimUi aitmktr, dm «/ 
wmd MW pf dtp 
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L 

Pbeaajlnd Mote a eommunleotlon/nm the 
EXAMtSER in ef^arge qf thU applleattoiu 

C.mmlMlowr •< 


-PtfssNo. 15 


AppUcmnti 

James H. Saunders, et 

al '■‘•' 1-:') 

S*r. Na. 

^7-^f036 

OCT 71958 

Filed ' 

August 195'^ . 

Fee novel resinous 


COMPOSIT'ONS AfJD 
METHOD OF PRODUCING 

9 >1 

»•» 




Responsive to amendment of February 17, 1958. 
Added art! 


Windeauth 
Detriok et^at' 


2,650,212 Aug. 25, 
(Filed Aug. 20, 1949) 

■ini 


2,787,601 


^pr. 

iied Mar. 3, 


1953 

1957 


260-2. 5A 
260-2. 5A 


“Chemical Engineering”, Volume 57, No. 4, April, 195<^ 260-2. 5A 
Pages 165 and I66. Copy in Scientific Library. 


1. . Glaias 30 to 35 and 37 to 66 appear herein. 

2. Claims 46, 62, 64 and 66 are withdrawn from further 
consideration as not readable upon the elected species. See 
Rule 142(b). 

3. Claims 30 to 35, 37 to 45, 47 to 61, 63 and 65 are 
r0;jected as unpatentable over Rinke et al, Wlndomuth, Simon 
et al (2), Detrlck et al and Chem. Eng. as set forth below. 

The claims (30, 31, 32, 37, 48 to 50 and 55) which 
merely call for reacting an excess of an organic poly Isocyanate 
with a compound having reactive hydrogen atoms or castor oil 
under substantially anhydrous conditions are unpaWntable over 

I 

any one of Rlnke et al (example 1, for example). Wlndemuth 
et al (example 7, example), Detriok at al (column 4, lines 
55 to 75) or Chem. and Eng. News (page 166, column 2, lines 1-'.) 
which show the above described reaction. To urge that Rinke et al 
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dlseloae the reaction taking place In a solvent Is of no 
aonent since the omission of a component and its corresponding 
function from a prooadurt or a composition does not Involve 
invention. Nothing critical Is seen in carrying out the re- 
action at various temperatures as set forth in some claims * 
since said limitations do not appear in all the claims. Fur- 
thermore, Ainke ot al disclose temperatures which are encompassed 
by the ranges set forth in the claims (see example 1). 

The claims which call for a cellular polyurethane 
product (elBiffis 4o and U'l) are unpatentable over anyone of 
"indamuth (example 7), '^Inon ot al (2) and De.trlck et al, all 
of which show the same product. It Is not seen wherein the 
use of a different catalyst makes for a product Which is 
patpntably distinct from that of the above cited prior art. 

difference in cell site, etc. would be considered to be 
a difference in degree only which is not a patentable distinction, 
‘^he claims which call for the use of "a non-foaming 
catalyst”, viz.i a lower N-alkyl morpholine (claims 45 and 47) 
are unpatentable over Wlndemuth who disclose/ the use of various 
other tertiary amines (column 2, lines 43 to 52), It la the 
Ehcaminers opinion that applicants' catalysts are equivalent 
to the Wlndemuth catalysts. They are both used for the some 
purpose, vist to render the reaction system more basic in 
nature, ^'he increased basicity of the system will cause the 
reaction to proceed at a quicker rate. 

The claims which call for the use of a "foaming 
catalyst" e.g. an alkali metal oxide (claims 5^ to 60, 63 and 
65) are unpatentable over Simon et al (2) who disolcoe the use 
of alkali metal hydroxides (examples 31 to 35, for example). 

Si 
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Again it is considarad that appllcanta' catalysts ar® equiva- 
lent to the catalyst of Simon et al (2) since they are both 
used in a system where foam formation occura and they both 
render the system more basic in nature no as to increase the 
rate of reaction. The claims do not exclude the water of 
Simon at al (2). 

The claims which call for the use of an inert or- 
ganic plasticiser having a boiling point above 200 Og. (33 i 
34, 52. and 52) are unpatentable over Rinke et al who disclose 
the use of such a compound (paraffin oil - column 1, line 54 
and example 23). The Rinke et al polyurethanes do not 
necessarily precipitate out (oolxasn 1| last line to column 2, 
line 3). Likewise, the claims which call for the use of the 
above plasticiser with castor oil as the reactive hydrogen 
oompoimd or In the preparation of a cellular polyurethane 
wherein an alkali metal catalyst is used (claims 30» ‘+3» 

57 and 61) are unpatentable over Rinke taken with Wlndemuth, 
Detrick et al, Simon et al and Chem. Eng. windemuth, etc. 
disclose that it is old to prepare cellular resins from an 
excess of an organic polyisocyanate and a reactive hydrogen 
compound. Therefore, it would not Involve invention to foam 
the polyurethane of Rinke et al via the use of the catalyst 
of Simon et al (2) or to use the castor oil of Detrlck et al 
of Cham Eng. in lieu of the reactive hydrogen compounds of 

Rinke et al and foam the same. 

No patentable distinction is seen in the use of a 
condensation product of an alkylene Oxide and an organic tri- 
hydroxy compound (claims 35 , 42, 53 , 54 and 60) over the 
polyfunctional compounds of Rinke et al, Wlndemuth, Simon et al 

Detrick et al and Chem. Eng. 

r'/ 
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>*. CXal.. 30 to 35, 37 to i*5, 4? to 61, 63 anl 65 are 

rejeotod as balng unduly multiplied . fhe praaenoa of so 
■any olalas sorvo to obscure, rather than to point out the 
alleged Invention. For example, no patentable distinction 
is seen between product-by-process claims 31 to 33 and 37 
and between coilulaR. product claims 4o and 4l, in general, 
applicants are limited to only one product-by-process claim 

unless it can be shown that a patentable dlstlMtion exists 
between them, 

35, 42, 53, 54 and 60 are rejao^ for lack 
of disclosure. There is nothing in the speciflcat^ to in- 
dicate how the alkylene oxide-organic trihydroxy comped is 
prepared, that is, the oondltloniof reaction (temperatuk^, 
pressure, catalyst, etc,). Nor is the moleculal- weight oiNthe 
condensate set forth. Applicants are merely extending an \ 
invitation to the public to experiment and determine how to 
prepare the condensate and what molecular velgljt range la 
most desireable so as to obtain applicants' re|ulta. 

6* •Claims 45 and 65 are rejected as containing new 

■attar in the phrases "an oxide of a metal of /Group II of 
the Periodic Table" and "a lower alkyl-N-morpholine," There 
is nothing in the specification, as originally filed, to 
support the use of such language per se, 

7. Claims 30 to 35, 37 to 45, 47 to 61, 63 and 65 are 

further rejected as falling to properly define the alleged 
invention. A) The phrase "R la an organi^ radical free from 
functional groups other than -NCX, urethane and thlourothane 
groups" (olalas 30-34, 40-43, 48-52 and 58-60) is improper 
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in that negative limitations should not be used in the claims. 
Applicants should define the compound in terms of what it ISf 
rather than what it is not. B) The phrase "an organic compound 
having hydrogen atoms reactive with the said -NCX groups" 

(claims 30-3^, 37, M), 41, 43, 4?, 48-52, 55, 58, 59 and 61) 
is too broad and Indefinite. The phrase reads on sodium 
phenolato, hydroxy lated polyethylene which have not been 
disclosed or contemplated by the applicants* as operative. 

G) All the claims are unduly broad in that the upper limit 

e 

as to the amount of -NCX compound used is not set forth. The 
claims read on the use of very large excesses which would 
appear to yield undesirable results. D) The phrase "a catalyst 
which is an oxygen. ...preoursofts of such compounds" (claims 
4 o- 43 and 58-61) is unduly broad and indefinite. The use of 
such language is not warranted in view of the limited dis- 
closure. The claims are also functional, and hence Indefinite, 
since the compounds are defined in terms of their desired 
results. B) The phrase "tr^l. .. .trihydroxy compound" (claims 
35, 42, 53, 54 and 60) is too broad in that the molecular 
weight is not set forth. F) The claims containing the 
catalyst are uiiduly broad and indefinite in that the amount 
used is not set fortn. It is not evident from the specifica- 
tion that any amount, o.g. 50 parts, would be operative. 

0) Claims 44 and 45 are indefinite in "effecting foaming" in 
that It is not stated how the reaction is effected. H) Claims 
45 to 47 are indefinite in "N-raorphollne." Accepted terminology 

la N-alkyl morpholine. 
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Q, The specification Is objected in that it Is incomplete. 

For reasons, see paragraph 5 , supra. 

9. No claim is allowed. 

Xfj, This rejection is made fINAL . 


2 . Cuajaxtosw 
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IN THB UNITED STATES PATENT OPFICE 


APPLICATION OP 


JAMES H. SAUNDERS BT AL. 

SERIAL NO. 373, 0?6 

PIL^r AUGUST 7, 1953 

TITLE: NOVEL RESINOUS COMPOSITIONS AND 
METHOD OP PRODUCING SAME 




DIVISIO! 




The Honorable Commlasloner of Patents 
Washington 25, D.G. 


\n'^ 


j An Office Action dated October 2, 1958, has been 

received In the above-identified application. The Examiner lias 

I finally rejected appllcanta* claims in this Office Action, 

j 

j The Examiner is respectfully requested to reconsider 

I 

, the Pinal Rejection of the claims. It is submitted that the 
Pinal Rejection is premature and that reconsideration is in order 
as provided by Paragraph 706.07(d) of the 'Manual of Patent 
Examining Procedure." 

New references have been cited and relied upon in the 
Pinal Rejection. Moreover, claims have been rejected for the 
first time in this action on new grounds for rejection. Never 

! before has the Examiner .rejected claims such as claims 45 and 47 

II 

j. as unpatentable over Windemuth. The alleged equivalency of 

I't applicants' catalyst to that disclosed by Windemuth raises a new 


issue. Moreover, applicants have not been provided with an 


I 
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opportunity to remove references such as Detrlck et al. by means 
of a Rule 131 affidavit. 


I Claims 30, 31, 32, 37, ^8 to 50 and 55 have been 

rejected on three new references. New reasons are given for 
rejecting these claims, 

j It is applicants' position that the Pinal Rejection is 

i 

j prematuiTe because no clear-cut Issues have been developed. It 
j, is, therefore, respectfully requested that the Pinal Rejection 
S' be withdrawn in order that applicants can reply to the Official 
;! Action and point out wherein their invention distinguishes 

h 

ij patentably from these references. 


Respectfully submitted, 

JAMES H. SAUNDERS 
HERBERT L. HEISS 


Pittsburgh, Pennsylvania 
November 5, 1958 
CW/am 


(Slelle W . ykfp^urch ™“ 

Attorney for Applicants 
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CammUt/other o/ 


Hosponalva to latter of November 6, 1958, 

Applicants request for withdrawal of the final 
rejection has boon carofully considered but Is not granted. 

Applicants through the presentation of novf claims 
presented Issues which necessitated citing of now references, 
etc. Accordingly,, it Is felt that the final rejection was 
proper. See Ex parte %rtln 104 U.S.P.Q. 124, 
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IN THE UNITED STATES PATENT dPPICE 

■ - ■ ■■ . -T— 1 ,. _ 1 . ^, 


APPLICATION OP 

JAMES H. SAUNDERS ET AL. j 

SERIAL NO. 57j5iO?6 | DIVISION 50 

PILED; AUGUST 1 , 1953 i 

TITLE; NOVEL RESINOUS COMPOSITIONS AND ) 

MEPHOD OP PRODUCING SAME ) 


II AMENDMENT 

Tuq Honorable Commleelonor of Patents 
I Washington 25, D.C. .» 

Sir; ■ 0.. 

! ’ 

In response to the Offloial Action dated October 21, 

1958, please amend the application as follows. 



Cancel Claims 30 through 3^, 37 through 44, 48 through i 

i 

52 and 54 through 66. i 

r 

Claim 45, line 1, after "of insert -- a cellular — j 

j 

same line, change "polyurethanes" to — polyurethane — j line 2, I 
after "reacting" oanool "a" and before "compound" insert — ! 

water, an excoss of an -<•; same line, oanoel "having the formula 
R(NCX)yj"; same line, after "compound" insert — selected from the 
class consisting of an organic polylsboyanatc and an oi-ganic 
polylsothlocyanato *•-; line 3, cancel "having hydrogen atoms 
reactive with -NCX, R in"; same line, after "compound" insert — 
selected from the class consisting of a polyalkylene ether ! 

al cohol having from 2 to 4 hydroxy} groups and having n molecular I 
weight of at least about 200 and castor oil — j line 4, cancel 
"the said formula being an organic radical, X being selected 
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I * 

I from"! line 5 i cancel "the group conalatlng of oxygen and 
I I 

sulfur and n being an integer"; line 6, cancel "of at least 2,"; , 

I 

line 7 * cancel "catalyst containing" and after "of a" Insert — j 
catalytic amount of a — ; same line, cancel "alkyl-N" and after * 

"lower" insert — N-alkyl — ; line 8, between "morpholine** and i 

I ' 

j the "period (.)" insert — , said excess being at least 1.1 mols ’ 
I per mol — . i 

; I 

Claim ^6, line 1 , cancel "alkyl-N-" and after "lower" j 

Insert — N-alkyl — ; line 2 , cancel "methyl-N-" and after "lo" 

j ^ 

I insert — N-methyl 

(i ; 

i( 

I Claim 47 , line 1 , cancel "alkyl-N-" and after "lower" 

i i 

Ij insert -- N-alkyl line 2 , cancel "ethyl N" and before 

"morpholine" Insert — N-othyl — . , 

I 

! 

Please add the following claims: 

l! 

j' — 67. The process of Claim 45 wherein the reaction is 1 

jj effected In the presonoo of from about 0.001 per’ cent to about 

'i 

|i 5 per cent by weight lower N-alkyl-morpholine . | 

i; 

i' “ 2 - 
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i 

68. A process of foming a polyurethane reaction 
product comprising the steps of mixing In a liquid form (l) an 
hydroxy terminated polyethor glycol polymer having a molecular 

J 

v/elght of at least 6oo which Is a condensation product of an ] 

aikylene oxide having from 2 to 4 carbon atoms and about .01 j 

to 10 mol per cent based on the aikylene oxide of a polyhydric ! 

alcohol having loss tSmn 7 carbon atoms and having 3 to 6 prl- 
inar-y hydroxyl groups, at least 20 per cent of said aikylene oxide 
^ I more than 2 carbon utoms^ and (2) at loasj^ about an equal 

'A' ' i amount of an organic dllsocyanate based on said polyethor 

j glycol;, and reacting the mixture until a second polymer having 

|| a chain length substantially greater than that of said polyother ' 

*i * 

1: glycol polymer is formed. '• 

I ' 

f 69. A process of forming a polyurethane reaction 

product comprising the steps of mixing (l) a condensation 

product of propylene oxide and about .01 to 10 mol per cent ! 

> i 

I based on the pr’opylene oxide of an aliphatic polyhydric alcohol ! 

of less than 7 carbon atoms and having from 5 to 6 hydroxyl | 

groups, said condensation product having a molecular weight of abl 

I Ij^st 6po_and (2) ut least about one mol per mol of condensation | 

j product of an organic dllsocyanate, and reacting the mixture 

I until a second polymer having a chain length substantially | 

|l groater than that of said condensation product Is formed. I 


?3 
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70. A prooosB of proparlng a polyurathano roaotlon 
product oomprtalns the clops of mixing ( 1 ) a liquid hydroxyl | 
tomlnatad polyethor glycol polymer having a molecular weight , 
I of at loaot Soo which Is a condenoatlon product of an alkylono 1 
oxide of 2 to 4 carbon atoms Inclusive, at least 20 per cent 
of said alkylene oxide having more than 2 carbon atoms and about ' 
■01 to 10 mol per cent based on the alkylene oxide of an all- I 

phatlc polyhydrlc alcohol of less than 7 carbon atoms and having ' 
3 to 6 hydroxyl groups and (2) at least an equal molar amount ■ 

jj based on said condensation product of an organic polylsccyanete ' 

I having 2 to 3 functional Isocyanate groups, and reacting the 
I mlxtu-e to form a reaction product having a chain length sub- | 

I stantlally greater than that of said polyether glycol polymer. 

I 

! 71. A product made according to procoaa of claim 60. 

j 72. A product made according to process of Claim 70. 

'I ■ 

j 73. A process of formiing a polyurethane reaction 

product .comprising the steps of mixing (l) a first poly,ncr com- 
prising a condensation product of about 100 parts by woJght or 
propylene oxide and about .01 to lO mol per cent based on the 
propylene oxide of pentaerythritol, said first polymer having a ' 
molecular weight of at least 6oo, and (a) at least about an Iqual ' 
molar amount baaed on the amount of said condensation product 
used of an organic dllsocyanato , and reacting the mixture unt.il ■ 
a second polymer having a chain length substantially greater * 
than that of said first pol>TTiGr is formed. ' 
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74, A polyurethane reaction product of (l) about one ! 
mol of an organic dllaocyanate and (2) about one mol of a con- 

* i 

I 

densatlon product of an alkylena oxide of 2 to 4 carbon atoms of j 
which at least 15 per cent Is propylene oxide, and about .01 to { 
10 mol per cent based on the alkylene oxide of an aliphatic poly-j 

I hydrlc alcohol of less than 7 carbon atoms and having 5 to 4 

hydroxyl groups, said condensation product being hydroxy termln- 
atou and having a molecular weight of at least 600, said p‘^ly- | 

II ureT:hane reaction product having a chain length substantially ‘ 

jj greater than that of said condensation product. ! 


75. A process of forming a polyurethane reaction 
product comprising the steps of mixing (l) a condensation product 
of a lower alkylene^xJ^e and an aliphatic polyhj-drlc alcohol of 
loss than 7 carbon atoms and having from 5 to 6 hydroxyl groups, 
said condensation product having a molecular weight of at least 
£00, and (2) at least an equal molar amount based on said con- 
densation product of an organic polylsocyanato having 2 to 3 
functional isocyanate groups, and reacting the mixture to form 


I 


I 

I 


i 


!! a reaction product having a chain length oubotantlally greater | 
ji than that of said polyether glycol polymer. — i 

'I ! 

1 : 

1 REMARKS ! 


j Reconsideration of tho application in view of the ! 

i 

I foregoing amendments is rospoctful]y reciuootod. The recent 
j intervlowa with the Examiner are acknowledged with appreciation. | 


I 

The claims remaining in the application after this { 
Amendment is entered can bo divided into three groups: (l) Claims' 
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5 through n and 67 which are directed to a proceea for making 
I polyurethanes with an h-alkyz morpholine catalyst, (2) olalme 35 
I 53 and 75 which are directed to the preparation eg a polyurethane 
by reacting a polyhydroky compound prepared by condensation of 
j an alkylene oxide with a polyhydrle alcohol and (3) Claims 60 
II through 74 Which were copied from C.3. P atent £,866,771) for 
purposes Of an Interference and dlrected-tran embodlme^'ef the 
invention covered by Claims 35, 53 and 75. It was lndlcat...d at 

j| an interview that Claims -.5 through 47 and 67 are allowable. I 

Ijlalmc 35, 53 and 75 are believed allowable as well as Claims ' 

•; ^5 th.ough 47 and 67 but In the event they are net allowed, they 

j Place the application In better condition for an appeal so it Is ' 

I requested that the Amendment be entered for that purpose even 

j theugh all the claims remaining In the application are not con- 

ij sidered allowabla. ■ 

li ' 

I 

I AS explained at the Interview, It Is counsel. s opinion ' 

that the application la directed to more than one Invention and ' 
several olaisns were presented In the last amendment with the | 

, expectation of a requirement for restrlotlen. Inasmuch as this | 
point might be arguable and the attorney who filed the cose 
felt that the applieatlen Is dlrseted to only one Invention, 
counsel felt that he should have the Patent Office's opinion on 
thlc matter rather than file a divisional application on hlc own. 
However, no requirement for restrletlon was made so It has 1 

bsceme necessary to caneel the claims directed to Inventlone 
Which a™ Clearly different from the Invention onoompascod by i 
tho uncancelled end newly presented clalme. it Is else counsel's ' 
opinion that Claims 45 through 47 and 67 are directed to an ^ 


- 0 - 
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i Invention which la distinct from that of Claims 35 , 55 and 68 

I 

I through 75‘ In view of the absence of a requirement for restric- 
{' tion and the Issuance of U.S. Patent 2,866,774, it is believed | 
necessary to retain Claims 45 through 47, 67 and 55» 55# 63 
through 75 in this application unless restriction is required. 

I 

It is pointed out that Claims 45 through 47 and 68 are ■ 

directed to the preparation of a polyurethane using an N-a-lkyl- i 

I 

moi-phollne catalyst with any organic compound having hydrogen ■ 

atoms which will react with an organic polyisocyanate or poly- 
I ■ ' 

j Isothlocyanate to fom a polyurethane. On the other hand, j 

ij Jialms 55» 55 and 63 through 75 are directed to the preparation 

r of a polyurethane using any suitable catalyst . The novelty in 
Ij ' I 

I this pr-ocess is the use of a particular organic compound havif.g ' 

• 

reactive hydrogens, nawely, broadly speaking, one prepared by 1 
condensing an alkylene oxide with a polyhydrlc alcohol. 

I , 

Claims 45 through 47 were discussed in detail at a j 

recent interview and it was pointed out that the reje'.'tion of | 

j these claii'.s in the last Official Action Is improper. Those ' 

! claims were rejected as unpatentable over V/lndomuth. An Affi- 1 

• • 

davit of Paul 0. Oemetnhardt, an established authority in the 

preparation of cellular polyurethanes, is presented herewith to 1 

! 

J show that applicants' catalyst is an improvement over thoof' dlo- j 
closed in Wlndemuth, Of all the catalysts disclosed by v/inclemuth, 

I 

only trlethylamine has met with any commercial success so this | 
catalyst was chosen for the test. The Examiner will note from 
the Affidavit that the N-alkyl -morpholines are a decided Improve- 

j. ment because the foam resulting from the reaction has improved ' 

i I 

1 tonaile strength and improved compression sot. Contrary to the 
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j Examiner's opinion, the selection of a catalyst la not only to 
j accelerate the reaction rate. The physical characteristics of 
i foam are affected by the choice of catalyst so Just any tertiary 
amine or similar alkylene compound cannot bo used. The appll- ' 
cants devoted a considerable amount of time to the development j 
of a catalyst and found that the N**a Iky 1 •"morpholines were 
superior to other catalysts for the preparation of foam In a 
system containing water. i 

I 

I 

No Other reference was specifically applied against 
jj Claims 45 through 47 but it is pointed out that neither Rlnke ^ 

j| et al., Wlndemuth et al., Simon et al. ( 2 ), Detrick et al., nor ■ 
j. Chemical Engineering" discloses the N-alkyl-morpholine catalyst,' 

I None of these references Indicates in any way tliat applicants' 
j improved result of improved tensile strength and improved com- 
j presslon set would be obtained by the choice of catalyst in 
I preference to one disclosed in these references. 

|| Claims 45 through 47 have been amended to specify an 1 

j excess of organic polyisocyanate or polylsothlocyanate . The 
j formula considered undesirable by the Examiner has been deleted. I 
The compound reacted with the isocyanate has been defined in a 
Narkush group. The method of Identifying the catalyst has been 
changed bo conform with the procedure suggested by the Examiner. [ 
Claim 67 has been added to specify the preferred amount of 
catalyst set forth in the specification. The other claims 
require a catalytic amount of catalyst which is consistent with 
i| past practices and consistent with the disclosure, 
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As pointed out above. Claims 68 through 74 have been 
copied from U.S. Patent 2,866,774, An interference between 
Claims 1, 3, 4, 6, 0, 10 and 12 of the patent and Claims 60 
through 74 is requested. 

The relationship between the claims of this application 
and those of the patent is as follows; 


Claims of application 

68 

69 

70 

71 
70 


Corresponding claims of patent 


1 

4 

6 

12 


Applicants disolose each of the essential features of 
the above patent claims. Taking Claims 4, 8 and 12 of the 
patent as exmiiples, Working Sxamples XI, XII, XIV, XV, XVII, ! 
lines 24 and 25 page 2, linos 5 through 12 page 3 and other ' 

portions of the apocification show the preparation of a conden- \ 
Date meriting all the requirements sot forth in (l) of the claims. 

A oondensate prepared from 13.2 mols propylene oxide and 1 mol j 
glycerine has u molecular weight of about 85O and thus meets the 

I 

requirement "of at least 600" , Propylene oxide mootu the requlre-t 
ment of 2 to 4 carbon atoms In the alkylene oxide. The oondon- ' 
Hate is prepared from lOOjS propylene oxide in the above-listed i 
v/orklng oxiunples so the "at least 20 per cent" limitation is mor, 
The mol percentage ulkylenu oxide is about 7.5;j and within the 
range speoified by the claims. Glycerine is an "aliphatic poly- 
hydric alcohol of less than 7 carbon atoms and having 3 to 6 
hydi'oxyl gix)ups". The limitation under (2) of tho claims is 


9 - 
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met, inter alia, on page 3, last paragra,ph, the working examples, 
and page 5i second paragraph. I 

I 

Each of the features 'of Claims 1, 3, 6, 8, lo and 12 j 
of the patent is also clearly dlsolosed in the application. j 

Pentaerythrltol, page 2 , meets the limitation "primary hydroxyls" 
of Claims 1 and 6 and along with the working examples meets i 

Claim 10. The other limitations of Claims 1 and 6 are disclosed j 
in the references to the application made with respect to Claim 4.i 


The working examples clearly disclose the substance of 


Claim 3. 


■1 ^ P- 

The Examiner is referred to Den Beste vs , Martin tl 6 '' 

41 

USPQ 564 for a case supporting applicants' position that they are 


entitled to a determination of priority. 

It is submitted that applicants are entitled to 
allowance of Claims 35 , 53 and 60 through 75 . Claims 35 and 53 
were rejected in the last Office Actloh as unpatentable over 
Rlnko et al., Wlndemuth, Simon et al. (2), Dotrick ot ul. and 
"Chemical Engineering", None of these patents disclose the px'o- 
coss covered by those cluima. It is pointed out that the 
references are Just as effective against the claims of the Price 
patent as they are against applicants'. 

fUnke ot al. disclose a method for reacting diamines 
and glycols with a diisocyanate. They do not disclose a polyol 
prepared by •ondenautlon of an alkylone o:<ido with a polyhydric 
alcohol. Wlndemuth discloses the preparation of adhesives using 
a polyester. Ho does not disclose the reaction of the condensa- 
tion product of an alkylene oxide and an alcohol with a 

/ 00 
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I 

'1 


polylsocyanat© e Likewlaej Simon efc al. (2) disclose the 
preparation of polyurethanes from polyesters and not from the 
condensation product of an alkylene oxide and an alcohol. 

Detriok et al. react a dilaocyanate with a fatty acid glyceride. 

The alkylene oxide polyhydrlc alcohol condensate covered by the 
proposed claims la not mentioned in this patent. "Chemical 

discloses the preparation of a polyurethane from 

I 

castor oil and a dilaocyanate. This reference is not at all ^ 
oerblnent to applicants' claims. There is nothing in these ! 

references which would lead to the conclusion that improved i 

hydrophilic characteristics would be obtained if the condensate . 
of bne claims is used Instead of a polyester. In view of this ; 

I' unexpected result, the subject matter is clearly patentable over j 
the combination of any of the references. < 

The claims directed to the preparation of a polyurethand 
J’com the conSentK^/tlon product of an alkylene oxide and a poly- 
j| hydric alcohol were rejected in the last Office Action Tor the ^ 
|| first time and on the grounds that no method was disclosed for 
making the condensation product. Such products wore not new j 
compounds at the time the application v/as filed. Methods for 

♦ 

mai’ing such compounds are disclosed in the art including, for ^ 

example, in U.S. Patant 1,922,459. The processes disclosed in | 

U.3. Patents 2,557,953 through 2,557,937 are also evidence that ; 
the ^Killed artisan could make applicants' condensation product 
as of the time applicants filed. It is not necessary foi- an 
ij applicant to dlsolose a method for making these compounds if they 
ij are known at the time he filed. The molecular weight is deter- 
jj ninable from the proportions set forth in the specification 
1'; Including Examples 14, 15 and 1?. 
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( 

1 

I 

i 

i 



. f 

1 

The Examiner la roqueated to enter the Amendment, allow’ 
all the claims and declare an Interference between the claims of * 
the application and the Price patent ad set forth above. i 


Respectfully submitted, 

JAMES H. SAUNDERS 
HERBERT L. HEISS 


i Pittsburgh, Pennsylvania 
! February 4, 1959 
I C'.fJ/sm 
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IW THE ONITED STATES PATENT OPPICE 


IN RE APPLICATION OP j 

JAMES H. SAUNDERS ET AL. ’ j 

SERIAL NO. 373,036 j DIVISION 50 

PILED; AUGUST 7, 1953 j 

TITLE; f!OVEL RESINOUS COMPOSITIONS AND j 
METHOD OP PRODUCING SAME ) 

APPIDAVIT 


£TATE OP West VUrglnlft 
Couaty OP Marshall 



I 

I 

I 

I 


Now cornea Paul G. Ctemelnhardt, who being duly awom, ^ 

dopoaea B,nd aaya that he Is an organic , chemist having received i 

i 

the degree of Bachelor of Arts with a major In Chemistry In 1950 | 
from Central College of Payette, Missouri; that he continued his | 

I 

studies in Chemistry at Northwestern University for one year 
thereafter; that he became an employe of the Monsanto Chemical 
Company on or about June, 1951, and immediately began v/orking In 
research in the field of Isocyanate chemistry; that he has 
continued during the following years to conduct and supcrvlao 
research work relating to the preparation of polyurethane 
plastics and chemicals used in preparing such pieties; that ho 
is presently employed by the Mobay Chemical Company as Group 
Leader in charge of the group of Mobay scientists conducting 
research work in the preparation of cellular polyurethane 
plastics; that he has had such position since on or about 
January, 1956; that in conjunction with other work dealing with 
the preparation of cellular polyurethanes, he has conducted 

/ o'h 
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extensive teetB to determine the moot suitable catalyst for use I 
In the preparation of cellular polyurethanes j that of all the i 
various tertiary amine and other catalysts tried up to the time j 
of filing the above-identified application including those dis- 
closed In the Wlndemuth and other patents relied upon by the 
Examiner In rejecting Claims 45 through 4?, N-ethyl morpholine 
and similar lower N-alkyl morpholines have met with the most i 
success and the widest commercial application in the preparation | 
of cellular polyurethanes from a reaction mixture containing | 

water; that he is aware of the research work of Dr. James H. | 

Saunders and Herbert L. Helss which resulted in the Invention 
described and claimed In the above-identified application; that i 
research work conducted by him and under hla supervision since j 
the filing of the said application has consistently brought out i 
that N-ethyl morpholine and similar lower N-alkyl morpholines are I 
advantageous over the catalysts used and known at the time of the , 
filing of the above-identified application; that in a recent teatj 
N-ethyl morpholine was used In the preparation of a cellular poly- 
urethane in comparison with trlethylamine, one of the catalysts ' 
disclosed In the Wlndemuth Patent 2,650,212; that In this teat, i 
a cellular polyurethane was prepared under identical conditions ' 
and while using identical manipulative steps and identical chem- j 
icals with the exception that N-ethyl morpholine was used as the | 
catalyst one experiment and trlethylamine was used in the 
other rlment; that in the preparation of cellular polyure- ' 

thanes in these exparlments, about loo parts by weight of an ' 

-NCO terminated prepolymer (prepared by reaction of about 56 
parts toluylene dllsocyanate with about 6o parts polypropylene 
ether glycol having a molecular weight of about 2,000 and about 
4o parts trlol prepared by condensing propylene oxide and 

^ b‘( 


a>- 






■y 




614 a 


glycerine and having a molecular weight of about 3,000) were 
reacted with about 2.5 parts by weight w ater In the presence of 
about 4 parts N-ethyl morpholine In one experiment and about 
parts trlethylamine In the other experiment] that It was found 
that the reaction mixture containing the h'-ethyl morpholine 
foained and sat into a cellular polyurethane having a tensile 
strength of about 22,4 pounds per square inch and a compression 
set of about 4.5 per oent while the reaction mixture containing 
the triethyiamine foamed and set into a cellular polyurethane 
having a tensile st rength of about 15.8 pounds par square Inch 
snd a compression set of 32 per cent] that the compression set 


value Is detemined by compressing a block of oellular polyure- | 
thane to 50 per oent of its original thickness for 22 hours at > 
158*C., then pennlttlng It to recover for 30 minutes at room . ! 

i 

, temperature] the difference in thickness of the block before ' 

1 ' 

j compression and after the 30-minute recovery period expressed as ; 

I percentage of the original thickness being the compression set , 

|i value] that the lower value of 4,2 per cent compression set is ^ 

far superior bo the value obtained when triabhylamlne is used j 

because it permits ataoking eC' slabs of cellular polyurethane , 

1 

one on another immediately after they are formed and permits 
handling of the cellular polyurethane substantially Immodlatoly 
I after it has been fonnedj that in addition to tho advantageous 
t^pharaoteristloa of tensile strength and comprosslon sob, lb has j 
also been found possible to vtu-y _the_Jload-bcai’ing characteristics 

I 

• of the oellular polyurethane to a greater extent when using ; 

M-ethyl morpholine than when using trlethylamine and that this j 

characteristic is advantageous particularly when it Is desired to , 

- 3 - 
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prepare a cellular polyurethane of a particular flrmneaa for use 
in cuahlpnlng, mattreaaea and the llkoj that ho la familiar with 
the rejection of Claims 45 through 4? on the Examiner's opinion 
that the N-^alkyl morpholine catalyata are equivalent to the 
Wlndemuth catalyata and that the Examiner la in error in this 
conclusion because aa ia exemplified by the data above an 
improved product ia obtained with the N-alkyl morpholines} and 
that the purpose of the catalyst in preparing cellular polyure- 
thanes la not solely to render the reaction system more basic 
and thus accelerate the reaction rate. 

Further Deponent sayeth not. 


Paul 0. Gemoinhardt 

Before mo personally appeared Paul 0. Qemolnhardt to 
mo known to be the person who signed the foregoing Affidavit 
in my presence this day of 


Notary Pul 


My commission expires __ 

V y C'..’,;'-. i .| k!- July 1, 1968 


J t ^ 
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C<taur 4 U« 4 bM 


Rosponslva to ajaandioant filad Pab, 6, 19J9 

I 

Cltad as a taaohing raferanoai 
Roia 2 , 779,689 Jan. 29, 195? 260/2, !^A 

1* Tha proposed amandmant of Pabruarj 6 , 1959 j 

(Paper Ko, 18 ) has not bean antorad since It does not place i 

I 

the oasa in condition for allowance* I 

2. (Jlalffli 45 to 47 stand rejaotad and proposed 
ciaia 67 would ba rejected as unpatentable over «indaxnuth of 

I 

record for the reasons sat forth in paragraph 3 of the final Office 
action (Paper Ro. 15) and Hals, newly cited as a teaching referenoe* ' 
The affidavit has been considered but is deen^ not 
to oveiT.orae the above rejection. The Exaciiner is still of the 

opinion that the claimed N-alkyl morpholine oatalyeta are | 

( 

equivalent to the catalysts of Wtndamuth, via, trlathyl amine. 

The art as evidenced by Reis considora the I'i'^alkyl morpholines 
as oeing equivalent to trlethyl amine. See oolvimn 5» lines ^ 

1 to 10 of Reis. Applicants dlsoioaa the above catalysts as 
eq.uivalent8 • See page 20, lines 1 to 13 . It Is not soen wherein 
the Oemelnhardt affidavit disproves the teaching of equivalency. 

The alleged, non- equivalency is prodioated upon the fact that the ' 

M-alkyl morpholines yield cellular products which have Improved 

/d.7 
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ttnsile stp«ngth» comppcsslon itt and load bearing 
oharaoteplatloa. None of these features were disoloaed in 
the apeelfioatlon as opiglnaUy filed. Aooordingly, applicants 
cannot use said features as the basis of patentability. See 
In re ^rawford 0. Q. 2| In re Dalaell, 77 U.S.P.Q. I6ti. 
and Abbott et al w, Coe 43 U.S.P.Q, 267. 

The affidavit is also improper in that the exact 
amount of catalyst used is not set forth. For example "about 
4 parte N-ethyl morpholine" can read on 3.6 parts and "about 4 
parts of trethylamine" can read on 4*4 parts. 

Furthermore, apeelfioatlon at page 20, lines 7 to 
10, states that N-alkyl morpholines in order to be effective must 
be used In conjunction with other disclosed catalysts, eg, 
sodium hydroxide, etc. The claims as they presently Stand read 
on the use of the morpholines alone. Likewise, the affidavit 
shows the use of N-ethyl morpholine alone. Moreover, it is not 
seen wherein the use of the morpholine catalyst alone would 
yield a cellular product since water is not present which le 
necessary for the foaming reaction. The specification makes 
no mention of water^ which la present in the examples of the 
affidavit. No patentable distinction is seen between opplicanta* 
active hydrogen compounds, vis* castor oil and the "alkylene 
ether alcohol" and the polyester of Windemuth since they are old 
in the art as shown by Detriok et al and Chem. and Hng. Wows. 
Accordingly, to use the tertiary amine catalyst of eindemutb 
in a castor oll-polyisooyanute foaming system would not involve 
invention. 

3« If the above amendment were entered claim 45 
would be rejected as containing new matter. There is no basis 
in the spaolflcatlon for the insertion of the term "water" and 


Serial No. 373»036 ’ ^ ^ . 

the phrase" a polyalkylene ether aloohol having from 2 to 4 
hydroxyl groups" . 

If the above amendment were entered claim 45 

I 

would also bo rejected as falling co properly define the 
Invention. The .phrase "a polyaikylone ether alcohol-— 4 
hydroxyl groups" la too broad and Indefinite. Applicants have 
not dlaolosed any specific compounds to support the other 
glycols having 3 to 4 hydroxyl groups. "Said excess being at 
least 1.1 moles per mole". For mol of what? Further, the 
di;'olosuro at page 5» the ratio is .‘iosoribod in terms of the 
reactive groups* 

5» Claims 35 and 53 stand rejected and proposed 
(.laim 75 would be rejected as falling to properly define the 
invention. The claims are too broad and Indefinite in "alkylene 
oxide" "organic trlhydroxy compound", "^ower alkylene oxide" 
and an aliphatic poiyhydrio aloohol«»—to 6 hydroxyl groups". 

For example, the oxide roads on butylene, hexylene oxides, eto.f 
"organic trihydroxy compound" reads on cholic acid and "an 
aliphatic poiyhydrio aloohol" reads on mannitol, sorbitol, etc* 
all of which haven’t bean disclosed or contemplated by the 
applicants as operative for their purposes. 

6. If the above amendment wore entered, proposed 
olaln 75 would be' rojeoted as containing new matter In the 
phrases an aliphatic poiyhydrio aloohol--“*to 6 hydroxyl groups... 
3 functional isocyanate groups". There is no basis in the 
speoifioation for such terminology as originally filed. 

7. Proposed olalms 69 to 74 cannot be entered for 
ptirpoaea of Interierenoe sinoe they are not patentable to 
applicants . That is to sayt there Is no support for the phrasess 
"An alaylone oxide having from 2 to 4 oarbon atpma" since only 
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athylono and ppopylana oxlda ape disoloiadt "a polyhydple 
alcohol— -3 to 6 primary hydroxy groupa" slnoa only pentaary- 
thritol Is dlsolosed. Llkawisa, tha disolosura does not 
support tha ranges sat forth in tha olalsHsi inanely mole ratio 
of oxlda to alcohol and mole ratio of polylsocyanata to tha 
polymer* For axamplei applicants must alvrays have an excess 
of polylsocyanata* Further, tha sole disclosure of glycerol and 
pcntaarythrltol does not support tha broad language "an aliphatic 
alcohol— -3 to 6 hydroxyl groups"* See In re Rogoff 733 
800. 

6. The following claims, found allowable dre 

auggastad for purposen of interferenca. Applicants should make 

letter 

same within 3O days of the mailing date of this/under tha 
provisions of Rule 203{ failure to do so will be considered a 
dlsclalmar of the subject matter Involvedt 
Suggested Claims 




k ppooass of forming a polyurethane reaction 
product comprising the steps of mixing (1) a condensation 
product of propylene oxide and about “ 0 .070 to Oi33""m o i * e 
per cent based on the propylene oxide of an aliphatic 
polyhydrlc alcohol of less then 6 carbon atoms and having 
from 3 to 4 hydroxyl groups and (2^ at least about 1^ moles 
per mole of condensation product Of an organic dllsocysnate, 
and reacting the mixture until a second polymer having a 
chain length substantially greater than that of said 
condensation product is formed. 

A process of forming a polyurethane reaction product 
comprising the steps of mixing (1^ a first polymer 
comprising a condensation produot of about 100 parts by 
weight of propylene oxide and about ■ ■ O.OT'J te 0 , 33 
oareent based on the propylene oxide of pentaorythrltol, and 
(2) at least about 2 moia based on the amount of said 
condensation produot used of an organic dllsocyanate, and 
reacting the mixture until a second polymer having a chain 
length substantially greater than. that of the first polymer 
is formed. 

Should applicants make the above suggested claims, 
then an Interference will be declared between the Price Patent 
and the Instant application with claims 3 and 10 of the patent 

//<? 
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Mo* 373«036 

constituting th. count, of th. intorforonoo, «id ulth th* 
prorloo thot tn.r. t. no p.t.ntoWc dlstlnotlon botwoon tn. 
.uggostod sums .nd th. count, of th. Intonfor.no.. 

9 , Attention 1. dlr.ot.d to th. provlolon. 

Of dootlon UOl.Ol(n) Of th. M.P.E.P. .nd Rul. 203(o) of th. 
Rulas of Pj'AOfciOB* 
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DIVISION 50 


AMENDMEhTP AFTER PINAL REJECTION 
The Honorable Commlaaloner of Patent® 
Washington 25, D. C. 


In response to the Official Action dated March 5» 1959» 

^ 

please add the following claims. 


'/ 
.• i * 


n .'.t 

^ / 


11 — 76. A prooeaa of forming a polyurethane reaction ^ 

product comprising the steps of mixing in a liquid form (l) a 
hydroxy terminated polyether glycol polymer having a molecular 

I* I 

I weight of at least 60O which,. is a condensation product of an 
alkylene oxide having from 2 to 3 carbon atoms and from about 
7,5 to about 10 mol per cent based on the alkylene oxide of a ^ 
polyhydrlc alcohol having (eas than 7 carbon atoms and having 3 
to 4 primary hydroxyl groups, at least 20 par cent of said 

j alkylene oxide having more tinan 2 carbon atoms, and (2) at least 

' 

i about 1 1/2 mols per mol of an organic dllsocyanate based on said 

It polyether glycol, and reacting the mixture until a second 

I ' ' 

I'j polymer having a chain length substantially greater than that of 

II said polyether glycol polymer la formed. 
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T7'» A p£>ooess of. 'orming a polyurethane reaction 
product comprising the steps of mixing (1) a condensation 
product of propylene oxide and about 7.5 to lO^ mole per cent 
based on the propylene oxld^^^ an aliphatic polyhydrlc alcohol 
of less than 6 carbon atoms ' and having from 5 to 4 hydroxyl 
groups and (2) at least abouc 1 1/2 moles par mole of condensa~ 
tlon product of an organic dklsocyanate, and reacting the 
I mixture until a second polymer having a chain length substan- 
tially greater than that of /said condensation product la formed. 


6 / 


7fl. A process of preparing a polyurethane reaction 

I • 

product comprising the steps of mlixlng (1) a liquid hydroxyl 
terminated polyether glycol polymer having a molecular weight 
/6f at least 600 which Is a condei^satlon product of an alkylene 
oxide of 2 to 3 carbon atoms Inclusive, at least 20 per cent of 
said alVcylene oxide having more /than 2 carbon atoms and about 
7.5 to about XO mol per cent baked on the alkylene oxide of an 

7 

aliphatic polyhydrlc alcohol oj' less than J carbon atoms and 
having 5 to 4 hydroxyl groups , and (2) at least about 1.1 mols 
per mol of said condensation ^product of an organic polyisocyanate 
having 2 to 5 functional isocyanate groups, and reacting the 
mixture to form a reaction product having a chain length 
substantially greater than^that of said polyether glycol polymer. 

79* A product made according to process of Claim 76. 

8o. A produc^^made according to process of Claim 78. 


//3 
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^81^. A PP 00088 of forming .& polyurethane reaction 
product comprlalng the steps of mixing (1) a first polymer 
comprising a condensation product of about 100 parts by weight j 

of propylene oxide and about 7.5 to 10 mole percent based on i 

the propylene oxide of pentaerythrltol, and (2) at least about j 
2 moles baaed on the amount of said condensation product used 

I 

of an organic dliaocyanate, and reacting the mixture until a ^ 
second polymer having a chain length substantially greater than 
that of the first polymer is formed. ^ 

A 

At, h process of forming a polyurethjkne reaction 
product comprising the steps of mixing (1) a condensation 
product of propylene oxide and about 7.5 to 10 mole per_.cent i 
baaed on the propylene oxide of an aliphatic polyhydrlc alcohol j 
of less than 7 carbon atoms and having from 3 to 4 hydroxyl ! 

jl groups and (2) at least about 1 1/2 moles per mole of condensa- 
tion product of an organic dllsocyanate, and reacting the mixture 
until a second polymer having a chain length substantially 

greater than that of said condensation product la formed., 

. J ' 
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REMARKS 

The recent interview with the Examiner is acknowledged 
with appreciation. The following remarks embody all that 
transpired at the interview. 

t 

Claims 77 and Bl are the claims suggested by the | 

Examiner for the purposes of an Interference with Claims 3 and 

10 of the Price patent 2,866,774. /Claim 82 la exactly like ; 

/ 

Claim 77 with the exception that the polyhydrlc alcohol has 
less than 7 carbon atoms Instead of less than 6. Triethanol j 

I 

amine is disclosed on page 3, line 5. which provides a basis 

i 

I 


I 
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for less than 7 carbon atoms # It is submitted that the inter- 
ference should be declared between Claim 3 of the Price patent 


and C lai m 8g instead of Claim 77. 

, • 

It Is submitted that an Interference should also be 
declared between each of the followlns claims of this applica- 
tion and the corresponding claim of the Price patent t 

ftppllcRnta* Claims Claims of Price Patent. 

76 } 

76 H 

U t 


I 


Applicants have followed the Examiner's lead in 
writing Clelma 76 and 76 through 80. The range of mol par cent 
of polyhydrlc alcohol based. on the alkyl ene oxide Is about 7*5 
to about 10 which is- -the- same as that in the claims suggested 
by the Examiner. 


!1 An interference should be declared between applicants' 

il 

,| Claim 76 and Claim 1 of the Price patent because the clnlm is 
j! patentable to applicants and Is directed to substantially the 
ij same subject matter as the claim of tut- patent. The Examiner 
I objected to a claim setting forth "an alkylene oxide having , 
from 2 to 4 carbon atoms". Accordingly, the claim now specifies i 
9 to 3 carbon atoms. Applicants' disclosure supports this 
range . 

j Applicants have not limited the number of carbon 

: atoms In the polyhydrlc alcohol to less than 6 because they have 

I 

j a basis for leas than 7 carbon atoms . • The Examiner Is referred 
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to page 3 , line 5i where applloanta dlooloao triethanolamine ae j 

I 

one of the aloohola to be condenaed with the alkyleno oxide, I 
Triethanolamine and pentaerythrltol provide a baala for from 5 
to 4 arimary, hydroxyl groupa on the polyhydrlc alcohol. 

Aa pcintod out in the prevloua amendment, applloanta 
uae of 1005^ propylene oxide provides a baala for at least 20 % 
o:r the alkylene oxide having more than 2 carbon atoma. The mol | 
per cent of organic dllaocyanate auggeated by the Examiner In the, 

I 

proposed clalma has been adopted In this claim. It la believed ' 
j obvloua from the foregoing that Claim 76 should be placed In i 
I interference with Claim 1 of the Price patent. 

I I 

Claim 78 is propoaed for purposes of interference 
with Claim 4. It has been shown above with respect to Claim 76 | 
that appllcanta have a basis for the limitations of from 2 to 3 
carbon atoma in the alkylene oxide, at leaat 20 % alkyleno oxide • 

I having more than 2 carbon atoma, leas than 7 carbon atoms in 
the polyhydrlc alcohol and from 3 to 4 hydroxyl groups. This 
claim roqulreo 1.1 mola polyisocyanate per mol of condensation ! 
product because this is consistent with appllcanta' disclosure. ! 
In Claim 78 and in Claim 4 of the Price patent the isocyanate 
is an organic poly isocyanate having 2 to 3 functional groups. ! 
Applicants have disclosed in their specification, page 5, a | 
range of -NCX groups to active hydrogen atoms beginning at 1.1 
j to 1. If the organic polylaocyanate has 3 Isocyanate groups '• 

and a 1.1 ratio la used, 3.3 -NCO groups per mol of trlhydrlc * 

j compound would be required which la equivalent to 1.1 mol 

1 

j triisocyanate per mol trlhydrlc compound. 

|I 
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Claims 79 and 8 o are dependent olalme and the subject ! 
matter thereof Is substantially the same as that of Claims 6 and ! 
8 , respectively, of the Price patent. 

I 

An early declaration of an interference is reouested. ' 


Pittsburgh, Pennsylvania 
!' March 25, 1959 
CWUias 

|l 
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Respectfully submitted, 

JAMES H. SAUNDERS 

HERBERT L. HEI3S ^ 

I 

By ^ ^ i 

Clelle W. Upchurch ] 
Attorney for Applicants j 

I 

I 
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I 

I 

1 

I 


j 


I 


I 


I 

t 

t 


//7 


62 7a *** “" ‘— ** ■ '■' "TM ii oi 



APPLICATION OP 
JAMES H. SAUNDERS ET AL. 
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TITLE: NOVEL RESINOUS COMPOSITIONS AND 
METHOD OF PRODUCING SAME 


I 

I 


APPEAL 

TO 

BOARD OF APPEALS 


Die Honorabls Comlssloner of Patents 
Washington 25. D. C. 



Sir: 

. I 

I 

Applicants hereby appeal to the Board of Appeals from 
the decision of the Exai^lner finally rejecting Claims 30 to 35 i 
and 37 to 66, 


The enclosed cheek for 


425 . 00 / 00 vers the Appeal Foe. 


Respectfully submitted, 

JAMES H. SAUNDERS 
HERBERT L. HEISS 


B y — < 

Clelle W. Upchurch 
Attorney for “Applicants 

; Pittsburgh, Pennsylvania 
March 26, 1959 
CWU:ma 
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Clello Wt Upohuroh 
1815 Washington Hoad 
Pittsburgh 3^1 Pa. 


PltmM find hetou m communlcatitmfrom Ih# 
EXAMINER In eharg* oj thh application. 


Mppllroall ^ 

H. Sniindefe-l-^a 

Str.No. 
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The referred to above ie forwarded to the Examiner of 
eneea because It is adjudged to Interfere with other cases hereafter sj^cmed. 
The question of priority will be determined in confprmi^ with ^e Rules of 
Practice. The interference will be identified os No. 90 414: 

. AUG 24 1959 the preliminary 

4atemcnt°demanded by Rules 215 et scq. must be filed ^ 
bearing the name of the party filing it and the number and title of the mter- 

f^rmce The subject matter involved in the interference is presented In 

c'iSmi 82 " 8 lJ 76T78, 79, and 80 of tnla application. 


The Intepforence Involves your application above Identified 


and I 

A patent for POLXETHER POLYURETHANE RUBBER granted December 30, 
1958 , No. 2,866,774-, on application filed September 23, 1953, 

No. 381,999 by Charles C. Price, whoso post-office address is 
201 West North Drive, South Bend, Indiana, whose attorneys are 
McCoy, Greene A TeCrotenhuis, Bulkley Building, Cleveland 15, 

Ohio, and whose assignee is University of Notre Dame, Notre Dame, 

Indiana, a non-profit Institution. 

The relation of the counts of the interference to the 

claims of the respective parties la as follows 1 


Count 

1 

2 


5 

5 


Price 

3 

10 

1 

W 

6 

8 


/%0 


Saunders et al ^ 
62 (modified) 
81 (modified) 
76 (modified) 

78 (modified) 

79 (modified) 

80 (modified) 
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Serial No. 373»036 -2« 

After termination of the interference this application 
will be held subject to further examination under Rule 266. 

Claims 35 and 53 will be held. subject to rejection as un- 
patentable over the issue in the event of an award of priority 
adverse to applicants. 


ggHnt i 


A process of forming a polyurethane reaction 
product comprising the stebs of mixing (1) a 
condensation product of propylene oxide and about 
•01 to 10 mol percent based on the propylene oxide 
of an aliphatic polyhydric alcohol of less than 
7 carbon atoms and having from 3 to 6 hydroxyl 
f groups, said condensation product having a molecular 

weight of at least 600 and (2) at least about one 
mole per mol of condensation product of an organic 
dilsocyanata, and reacting the mixture until a 
second polymer having a chain length substantially 
greater than that of said condensation eroduct is 
formed * 




A process of forming a polyurethane reaction 
pr^uct comprising the steps of mixing (1) a first 
polymer comprising a condensation product of about 
100 parts by weight of propylene oxide and about 
.01 to 10 mol ^rcent based on the propylene igixlde 
of pentaerythritol, said first polymer having a 
molecular weight of at least 600, and (2) at least 
about an equal molar amount based on the amount of 
said condensation product used of an organic dllso- 
cyanate, and reacting the mixture until a second 
polymer having a chain length substantially greater 
than that of said first polymer is forned. 
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A process of forming a polyiirethane reaction 
product comprising the steps of mixing In a liquid 
form (1) a hydroxy terminated polyether glycol 
polymer having a molecular weight of at least 600 
which is a condensation product of an alkylone 
oxide having from 2 to ^ carbon atoms and about 
.^1 to 10 mol percent based on the alkylone oxide 
oH a polyhydric alcohol having less than 7 carbon 
atoms and having 3 to 6 primary hydroxyl grouns, 
at least 20 percent of said alkylene oxide having 
more than 2 carbon atoms ^ and (2) at least about 
an equal molar amount of an organic dllsocyanate 
based on said polyether glycol, and reacting the 
mixture until a second polymer having a chain 
length substantially greater than that of said 
polyether glycol polymer is formed. 


Count 4 


A process of preparing a polyurethane reaction 
product comprising the steps of mixing (1) a liquid 
hydroxyl terminated polyother glycol polymer having 
a molecular weight of at least 600 which is a con- 
densation product of an alkylene oxide of 2 to 4 
carbon atoms Inclusive, at least 20 percent of said 
alkylone oxide having more than 2 carbon atoms and 
about #01 to 10 mol percent based on the alkylone 
oxide of an aliphatic polyhydric alcohol of loss 
than 7 carbon atoms and having 3 to 6 hydroxi'l groups 
and (2) at least an equal molar amount based on 
said condensation product of an organic polyisocyanate 
having 2 to 3 functional Isocyanate groups, and re- 
acting the mixture to form a reaction product having 
a chain length substantially greater than that of 
said polyether glycol polymer. 


Soant.,5 


A product made according to process of count 3. 


Count 6 


A product made according to process of count 4* 
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iRECBVED 

jAAY 1 4«59 
fySI (iSaSTNtT CO*W 


IN THB TOITBD STATES PATENT OSTPICE 


1 In ro tbo Application of 
j JAMS3 H. 3AUNDBM et al 
I Scrlnl NumberJ 373»036 
li Pllcdi Auguat 1 , 1953 


On Appeal from Dlv. 50 
(Appeal Mo. 2U,205) 


NOVBI. RESINOUS COMPOSITIONS 
AND METHODS OF PROOOCINO SAMS 


PETITION FOR EXTENSION OF TIME 
FOR WIIW BRIEF ON APgm_ 


Mow come the appellantap by their attorney, and re- 
•peotfully petition the hororabie Cownlaaloner of Patenta for 
s. 62-d4ya* extonelon of time for fUlnS the brief on appeal, l.e., 
from Tueeday, May 86, 1959. the date now eot, until Monday, 

July 87, 1959. tut without affecting the date of hearing and 
Qonaequently the date of final dUpoBltlon of the oaeo in the 
Patent Office. 

The facta upon which thla petition le baaod are ao 

followat 

The application waa finally rojoated on October 2, 

1958 i\nd a fonaal Notice of Appeal wae filed on Maroh 27. 1959. ^ 

An ajae.tidnwnt copying olalmo wee filed on March 24, 1959 m re- 
eponae to an Offloe Action dated March 5. 1959 which auggeeted 

olalme for purpoaea of Interference, 

It la undaratood that the Examiner of Dlvlalon 50 hao 
forwarded the application to the Interference Dlvlalon for pur- 
j poees of deolarlng ths interference, but in a telephone conver- 
Ij satlon thlB morning with an employee of the Interforenoe Docket 
ij Itxu-ii'ifio oT Ciw 

! cSSaA.. 
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Branch It waa learned that It might require two weeks or more 

i 

before the formal declaration of interference can be actually ' 

sent out. ! 

I 

When that la done then of course ex parte proceedings ; 
are suspended (Rule 212) and hence the actual mailing of the I 
declaration of Interference before the brief is due to be filed ' 
might save much time and energy on the part of the Patent Office, 
in that the brief, when and if it is required after the termi- 
nation of the interference, can then be written in the light of ' 
the then posture of the case, 

, I 

Under these circumstances, it is believed that this 

i 

extension of time is necessary in order to provide additional 

i 

time to permit the Interference Division of the Patent Office 
to attend to the details of formally declaring the expected 
interference, i 

It is hereby certified that this petition is made in i 
good faith for the reasons indicated above, and nob solely for 
purposes of delay. 

|l 

Respectfully submitted, , 





aL , . - 
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I<;AY 1 C 1959 
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U« 8. DEPAFTTMENT OF COMMERCE 
patent office 
WASHlNaTON SSi O. C. 

Hay IS, 1959 


C0?.1Mt3S!CflE.TS OrflCE 

In re appllcetlon of 
James H. Saunders et al 
Serial No. 373,036 
Filed August 7, 1953 
For: Novel Resinous Com* 
positions and Method of 
Producing Same 


Request to Extend Time 
for Brief on Appeal 
Appeal <^242-05 




The decision of the First Assistant Cotanissloner on 
the petition filed in Che above entitled applUatlon is as 
follovs: 

f ^ Delay In Prosecution Held Unavoidable (35 U.S.C, 133), 
Petition Granted - 

□ Approved 

I } Delayed Payment of Final Fae Accepted (35 U.S.C. 151), 
Petition Granted 


f*X*l Extension of Time tojuj 
j I Petition Granted 
o Petition Denied 


By direction of the 

First Assistant Commissioner: 


Clelle V. Upchurch 
1815 Washington Road 
Fitfcsburgn 34, Pa, 
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Pnn«r .Jo, 26 


MAILED 


Appsal No. 242-05 JUL 3 0 1959 law 


U. S. Patent Otfice , 

, Board of Appeals 

IN THE WmSD STATi-tS PATEIJT ''OPPIOE 


BEPOHE THE nOAHD OP APPEAL'S 


Ex parte Jamo8 II, Saundera 
aniV Iforbert L. Kolos 


Application for Patent filed Auj^st 7, 1953 » Serial 
Number 373*036. Novel noalnous Oomposltlona and Method 
of Producing Same, 


Elmer P» Rucker, P. M, Murdock, Donald J, Hnefole and 
Olelle Vf, Upchurch for appellants. 


t 

1 

1 


In view of the declaration of an interference. Number 
90414, alnoe the filing of Appoal Number 2l!2-05, proceedings 
before the Board are hereby ousponded pending termination of 
the interference at which time the appeal should he called 
up for action by filing the brief not later than sixty (60) 
days from date interference terminates. 

By Order of the Board of Appeals. 


Clolle W, Upohuroh 
IR15 Vfashlngton Road 
Pittsburgh 34* Ponna. 
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IH rwt UKITSD STATEa HTEHT OPFIOB 



Xn v tho AppXloation ot 
JAMES H. SAUNSEnS BT AIi. 
j Snrial Mo. 373*035 
yiiodi Auguot 7» 1953 

S ' 

a I fltXei NOVEL nBStMOOS COMPOSITIOKS 
t=l' AML KSXHOD OF PRODUCXNO SAME 


Sivloion 50 


Gk. 

i 


AKENDKEMT 


Vh« Hoa. Coaalucionor of Fatcmts* 
|| Ukshln^on S5* D. C. 


Slrt 




J- 

yl 




^•kta ■n««r ttM follovlns taendMantt y y / 
Canoel all of the oIbIm except olalaa 35* 53* 5*)* 

76 and 78 • 82 . 

It la alao rK^eBtad that tho applloation be renanded 
to the Priaary Sxaalnor for oonaideratlon of the ancloied papera 


;! under nile t5, Aa la apparent from tho accompanying Affidavit 


i it haa baooan apparent that the Invention covered by the elalma 
reMlnlng In the application after thia aaendnent la entered* la 
I the eole invention of Herbert L. Holoa . Tho Primary Examiner la, 
j! therefore* requeated to delete the namea of Jaatea H . Saundera 
from the application* aa provided for by rule 45. 

Reapootfully aubmitted* 

JAMES H. SAUNDERS 
H2I11JEHT L. KEIS8 


By. 




Attorney for Appllcanta 


Plttaburgh* penneylvanla 
! September ll* 1959 
: CHUirdo 





u. S. PATENT OFFICE 
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IN THE UNITED STATES PATBMT QffffTflw 


Mo 818 


^7 I 


APPLICATION OF 

JAMES H. SAUNDERS ET AL. 

dSRIAL NO. 373^036 

FILED» Auisuat 7, 1959 

TITLE I NOVEL RESINOUS COMPOSITIONS 
AND METHOD OP PfiODUClNQ SAME 


DIVISION 50 


appidavit 

Jamea H, Saundera and Herbert L. Helaa, being duly 
awom, depoae and aay that they are the Joint applicanta who 
filed the above-identified application on Auguat 7 , 19531 that 
j prior to the filing of the said application, afflanta were 
engaged In a Joint reaearch program relating to the preparation 
of polyurethane plaatica and chemlcala uaeful for making 
polyurethane plaatica; that laboratory work waa being conducted 
by them and under their direction at that time; that they 
frequently dlscuaaed the reaulta of auch laboratory work while 
Jointly making plana for further Inveatlgatlng the preparation 
of polyurethane plaatica from organic polyhydrlc compounda and 
organic polylaocyanatea; that all of the aubject matter of the 
above -Identified application waa conceived and reduced to 
practice during this Joint program; that all laboratory reaulta 
end other Information pertinent to all of the subject matter 
of the application conaldered by them to be required by an 
attorney for patent conalderatlon were submitted to their 
attorney; that the attorney concluded from the Information 
furnished him that affiants were Joint Inventors of all of the 
aubject matter of the application; that after the declaration of 
Interference 90*^1^, afflanta made their records relating to all 
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the subject natter of the application i^mllable to the attorney j 
presently handling the application; (that It Is apparent from 
these records Including aome not made available to the other 

attorney that affiants are Joint Inventors of some but not all | 

of the subject matter described In the application^ and that the j 
Invention covered by Claims 35, 53, 54, 76, and 76 through 82 Is | 

the sole invention of Herbert L. Helss; that It Is now apparent i 

\ 

that an error was made at the time the application was filed and 1 , 

I 

that the name of James H. Saunders should be deleted as an i 

i 

inventor of the nubject matter being claimed in the application i 

after the accompanying Amendment la entered; that the error was 

accidental and Inadvertent and without any fraudulent intent; ! 

J • 

Ij and that atepa are being taken promptly after diacovory of the j 

1 mistake to delete the name of James H. Saunders from the ' 

j application. ' 



1 ; SEAL 





II 


Tty Commission Expires 

I 

\ 
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i; 

j 

OATH 

Herbert Zi. Holea, balnc Bwom, depoeofl and eoye that hu le a 
cltlson of the United Statoo of America and resident of Route 1, Cider 
Run, New Mortlnevllle, Weet Virginia, that on Auguot 7, 1955, he filed 
application for patent Serial No. 575,036 in the United States Patent 
Office, that he verily believes himself to bo the original, first and 
sole inventor of as much of the improvement in NOVEL' RESINOUS G0!«'0Srri0!.S 
j AND METHOD OP PRODUCING SAME described in the specification of sale- 
application for potent as is the subject matter of claims 35, 5^, 
and 78 through. 82i'A;hat he does not know and does not believe that the 
some was ever known or used before his invention thereof, or patented or 
described in ony printed publication in any country before his invention 
thereof, or more than one year prior to the date of said appllootion, or 
in public use or on sole in the United States more than one your prior to 
the date of said oppllcatlon; that said invention has not been pau.-ntod 
before the «late of said application in any country foreign to the United 
States on an opplication filad by him or his legal representatives or aoelcns 
more than twelve months prior to the date of said oppllcutlon, and that no 
application for patent on sold invention has been filed by him or his 
reproscntatlves or assigns In a.»y country fore£gn to the United Htat-s, 

! except as follows: 


/ 3 ‘> 


I 


I 


to 


ls> 
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Auatmlla, filed Auguet 5# 195‘^J Canada, filed Pebruarj' 27, 195^1 
Germany, filed April 12, 195^*1 and Great Britain, filed Auguct 6, 195'^. 


Inventor 


Herbert L. Ileit 


Route 1. Cider Run 


Heios 


Poat Office Addreaa 


Nc-v Martlnaville. Viest Virginlit 


Stata of 

County of . 


t*:. 


.Sworn to and oubacrlbod before mo tblc / / day of 
1959. 


SiiAL 



/ 3 / 
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U. S. DEPARTMENT OF COMMERCE 

PATENT OFFICE 
WASHINaTON 


Ml mmamKmmm* 

tkt» 

•vW numhmj in §J JUln^ 
m4 MM9 y IIn AFP^iPMi. 


1 


r 


Clelle W. Upehureh 
1015 Washington Road 
Pittsburgh 34, Pa, 


L 

flMumfind Mow « eommunlemllonftom lAo 
EXAMINER In ehargt vf thh application, 

CwMinteilMiw ,/FiilMitai 


Pafh No. 28 


' ' 

-■James H. of. nl 

Her. Nu, 

8r.T 1 4th';9 

-Aiigiiafc *7 1 OCT 

tor 

NOVEL RESINOflS COM- 
. POSITIONS ANT) M.ETH0D 
Uw-. PBOBUClMC-SiLME 



Rasponslve to araendment of September 15, I959. 

The amendment of September 15| 1959 (Paper No, 27) 
proposing to convert the instant applleotlon from Joint 
inventorship to sole Inventorship has not boon entered, 

Applloants allegations are considered to be Insufficient, 
Rule 45(b) requires that a verified statement of facts 
must be oresented. The affidavit of Saunders and Helss 
does not contain such a statement of facts but general con- 
clusions, For example, affiants state that it to apparent 
from certain records that they are not Joint inventors. 

The records affiants speak of are not of record in the 
instant case as facts so as to enable one to make a proper 
determination as to whether the conversion from Joint to 
sole is proper. 


V, S, Csajatkmvf 


Examiner l 
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u. s. department of commerce 

PATENT opriec V A. 

Washington 


Upchurch 

D?i? Road 

Pittsburgh 34, Pa. 


wwmunicflrion/rom thm 
EXAMINER In chargm of thh epplUction . 




1 Na i,o 

LlaniQS tf. Saunjorff, ^ 

1 3#f, Ao, 

RIS 

‘®'’*«TC9 

^50 

tiUd — 

J.UP»f!t 10«?T 

NO'/KL RESINOUS * 
COMPOSITIONS ANT) 
IffiTHOD OF PRODUCING 
t-^AME 




This action la supplfeaentaa. to the Office letter 
of October 14, 1959, 

In order to clear the record and thereby expedite 
the proceedings In Interference no. 90,414, a 3R0RTRh?vp 

TO T4K OPPICE qf onmnpn lu , i o.rn 

I^., SST TQ._SXPT?!; _N0VSMB!-1^ 16. 1Q<ifO . 



/33 







I Pittsburgh^ Pennsylvania 
I CWUjrdo 

November 9» 1959 


Respectfully submitted. 


JAME3 K. SAUNDERS 
HERBERT L. HEISS 



■ /JY 
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IN_THB UNI TED STATES PATO NTP OPPICE 


Mo 218 

paper 

^ f r r ( V r ») 

: 3 1953 

UlkiOiun i)U 


DIVISION 50 


JAMES H. SAUNDERS ffP AL. 

SERIAL NO. 573,056 

. PILED; AlJQUSl’ 7, 1953 

TITLE; WOVBL RESINOUS COMPOSITIONS j 
AND METHOD OP PRODUCINO SAMe) 


APPIDAVIT op JAMES H. SAUNDERS 
Jamoa H. Saundora. being duly aworn, dopoaoa and aaya 
tha- he is one of the Joint applicants who filed the patent 
application Serial No. 575,056 on August 7, 1955; that prior, to 
the filing Of the said application, affiant and hia co-applicant 
Morbert L. lieiaa wore engaged in a Joint roaoarch program relat- 
ing to the preparation of polyurethane plastics; that a largo 
part of the research work conducted prior to the filing of the 
eaid application and relating to the preparation of polyurethano 
Plastics was done Jointly with the co-applicant Herbert L. Helen; 
that he haa road the Amendment filed September 15, 19539, m 
patent application Serial No. 575,056 and that he understands 
that upon the entry of this Amendment by the Patent Office the 
only Qlalma remaining in the application will bo Claims 55, -,5, 

76 and 78 through 82; that aff.lant understands that those 
Claims are directed to a method for making a polyurethane com- , 

i.ilaing reacting an organ.lc polyisocyanate and a poiyalkyleno j 

ether prepared by condensation of ah alkylene oxide with a poly- ; 
hydric alcohol including an embodiment in which the condensation ’ 
product ie of alkylene oxides containing at least 20?5 propylene j 
oxide and a polyhydric alcohol as defined more particularly in ! 

said claims and to the product of such a method; that afflant'5 i 


/3:r 
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I 

\ 

[ 


WU/am 


contribution to the subject matter of the said application 
pertained only to the 'preparation of cellular polyurethanes by a 
process wherein a catalyst containing a compound which in aqueous 
solution yields hydroxyl or substituted hydroxyl groups is used 
and that affiant did not contribute anything towards the prepara- 
tion of polyurethanes from the condensation product of an 
alkylene oxide and a polyhydric alcohol as defined more particu- 
larly by Claims 55# 55# 5^# 76 and 78 through 82; that an error 
was accidentally and inadvertently made at the time of filing 
the application in that an invention made Jointly by affiant and 
Herbert L. Helss and an invention to which affiant did not con- 
tribute were included in the one application Serial No, 575*056 
and that the name of affiant should be deleted as a co-inventor 
of the subject ‘matter of these claims; and that steps are being 
taken promptly after discovery of the mistake to delete the name 
of affiant from the application. 

Further deponent aayeth not. 


State of Want Vlrnlnitt 
County of Mareliall 


SS 


subscribed and sworn to before metthls ipt h day ' 


rrSaunuers 


of 


Wovembor 


, 1959. 


My commission exf)lrea 


Nc»tury Public 


My Commission fxplros July 1, ijnj 
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IN THE UNITED STATES PATENT OPPICE 


'If 


DIVISION 50 


II 


APPLICATION OP 

JAMBS H. SAUNDERS ET AL. 

SERIAL KO. 373,036 

PILED5 AUGUST 7, 1933 

TITLE; NOVEL RESINOUS COMPOSITIONS 
AND METHOD OP PRODUCINO SAME) 


APPTD A VIT OP HERBERT L. H BISS 
Horborb L. Helso, being duly oworn, depooea and aays 
fchat he ie one of the Joint applicants who filed patent applica- 
tion Serial No. 373,036 on August 7, 1953; that prior to the 
filing of the said application, affiant and hJs co-applicant 
Jaxiios H. Saunders were engaged in a Joint research program 
relating to the preparation of polyurethane plastics; that a 
large part of the research work conducted prior to the filing 
of the said application and relating to polyurethane plastics 
was done Jointly with the co-applicant James . H. Saunders; 
that ho has read the Amendment filed September 15, 1959, In 
patent application Serial No. 373,036 and that he understands 
that upon the entry of this Amendment by the Patent Office 

f 

the only claims remaining in the upplioatlon will be Olulme 35, 
>3, 5^, 76 and 76 through 62; that affiant understands that 
these claims are directed to a method for' making a polyurethane 
comprising reacting an organic polyisocyanate and a polyalkylcne 
ether prepared by oondonsutlon of an nlkylono oxide with a 
polyhydrio alcohol including an embodiment in which the condensa- 
tion product is of alkyleno oxides containing at least 20 ^ 
propylene oxide and a polyhydrlc alcohol as defined more 
particularly in said claims and to the product of such a method; 
that affiant alone conceived the idea of prepar.ing a polyurethane 


J3l 
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I 

by such a process and that all work which resulted in that j 

invention was done by him or under his direction and that j 

James H. Saunders* contribution to the subject matter of the j 

said application pertained only to the preparation of cellular i 

^ ! 

-^olyurethaneB by a process wherein a catalyst containing a com- j 

pound which in aqueous solution yields hydroxyl or substituted | 

I 

hydroxyl groups is used and chat James H. Saunders did not con- 
tribute anything towards the preparation of polyurethanes from 
the condensation product of an oxide and a polyhydrlc 

alcohol as defined more particularly by Claims 35, 53, 5^, 76 
and 78 through 82 j that an error was accidentally and Inadvert- 

\ 

ently made at the time of filing the application in that an 

! 1 

I invention of affiant alone and an invention made Jointly by 

affiant and James H. Saunders were Included In the one applies- j 
tl.on Serial No, 373>036 and that the name of James H, Saunders J 
should be deleted as a co-inventor of the subject matter of | 

I Claims 35» 5'^, 76 and 78 through 82j and that stops arc being j 

taken promptly after discovery of the mistake to delete the ' 

name of James H. Saunders from the application. 

Further deponent sayeth not. 


State of West Virginia ) 



County of l-lnruhall j 



Subscribed and sworn to before me this i Sth day. 

of Moveinber . 1959. 


11 

CW/sm |i 

!. 


NoTiary PubTlc 

My commission expires ______ 


My frmmkrien July I, 1-6S ^ ^ ( 
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WASHIM 3 T 0 N 


■Si? 


Upchurch 

1815 .rashinnon Road. 
P. v,tsburgh 34, Pa, 


SXAimER in eharg» ei thh appUeattotu 


“I 




a»r. iSm, -' 

323^. 

Di-i;? )jo-, 

AjJjrn.tf-. 7^ 

" ^'uva RESINOUS — ■ 
S0-S0S-"TI0)\'S AND 
BAvpUU PflOD USING 



Sa«onalve to Xottor of Movoohor 16, 19^9 

15. 1959 (Popot «o. 39) ana .o«oOst 16, 1959 (Pa'ot ,,o. 30 ) 

oan ontorea. Aooopdlngly, th, inatant applicatloo ha. 
been converted from iolnt •. PP-^ication has 

Inventor s 5 J nt to sole Inventorship, the sole 

Inventor being Herbert L. Helss. 



D. E, Csajaskraw 


'Nf 
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U. S. DEPARTMENT OF OOMMERCE 

PATENT oprice 

Washington 
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Clello V/, Upchurch 
1815 Washington Road 
Pittsburgh 3^, Pa. 

L 

PImm / nd btlou m eommunlemtlonfram 
EXAMINER In chargn qf llila application* 

Otmmktkune ft 

90414 

The letter and affidavits identifying this applica- 
tion as the sole invention of Herbert L, Heiss, formerly having 
status as a Joint inventor In the case, haWCbeen entered. 

interference No, 90,4l4, Price v, Saunders and Heiss, 
involving the above identified application is hereby reformed, 
the party Saunders and Heiss being changed from Saunders and 
Heiss as Joint Inventors to Herbert L, Heiss as sole inventor. 
The counts remain the same. 




Herbert L. Heiss 

Str. No. 


- - .. ^ 

FUed ' ■ £ 

Ati'Vii.qh TO'i'^ 


For 

nov'-;l hhsinous comfos' 

^/iia 

TTOMS .4KD METHOD OF 

«_P2oaucji:ii-aAiiis. J 






NUiiJAlJ JLIJIJUU 



The Honorable Conunlaaloner of Patents 
Vfnshlr^*.on 25^ D. C, 

Sirs 

Please address all future oorrespondenee In the above 
Iclentlfiad application tos 

Clelle W. Upchurch 
Penn-Llncoln Parkway West 
Pittsburgh 5 j Pennsylvania 

Respectfully, 

Clelle W, jU^hurch 
Attorney for Applicant 


It is beawby cortlfieA that a copy of the foregoine la baJjjg mailed to 
T. A. TeOrotenbula, the attorney In ohazge of thia Interference In the 
fina of McCoy, Oreene & TeOrotenhula, attoTOeya for Party Price on the 


^ day of j i960. 


T 




cUiU 






Clelle V/a Upchurch, for nel'''* 
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, APPLICATION OP 

1 ' 

HERBERT L. HEISS 



SERIAL NO. 375,036. 

PILED* AUGUST 7, 1953 

TITLE* NOVEL RESINOUS 
AND METHOD OP 


COMPOSITIONS ) 
PRODUCING SAME ) 


DIVISION 50 


I 


amendment 

I The Honorable Conunleslonor of Patents 
Washington 25, D.C. 

ii 

,! sir* 

ij Please add the following olalmst 



* — 83. A process of forming a polyurethane reaction 

! product comprising the steps of mixing in a liquid fom (1) a 
j hydroxy terminated polyether glycol polymer which Is a condensa- 
i tlon product of an alkylene oxide having from 2 to 3 carbon atoms 
' and from about 7-5 to about 10 mol per cent based on the alkylene 
;j oxide of a polyhydrlc alcohol having less than 7 carbon atoms and 
; having 3 to 4 primary hydroxyl groups, at least 20 per cent of 
said alkylene oxide having more than 2 carbon atoms, and (2) at 
least about 1 1/2 mols per mol of an organic dllsocyanate based 
j; on said polyethar glycol, and reacting the mixture until a second 
‘j polymer having a chain length substantially greater than that of 

jl said polyother glycol polymer Is formed,. 

'1 
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I • 

i 

I I 

84, A prooaas of preparing a polyurethane reaction , 

• product coraprlolng'the etepa of mixing (l) a liquid hydroxyl j 

• ! 

S| terminated polyether glycol polymer which Is a condensation I 

ij product of an alkylene oxide of 2 to 3 carbon atoms Inclusive, at i 

ji least 20 per cent of said alkylene oxide having more than 2 carboni | 

ij atoms and about 7.5 to about 10 mol per cent based on the alkylenej ' 

ji , I 

j! oxide of an aliphatic polyhydrlc alcohol of leas than 7 carbon 
II atoms and having 3 to 4 hydroxyl groups and (2) at least about , 

' 1.1 raols per mol of said condensation product of an organic 

ji . ' 

:1 polyisocyanate having 2 to 3 functional Isocyanate groups, and 
i' reacting the mixture to form a reaction product having a chain ' 

j{ length substantially greater than that of said polyethtr glycol ; 

• I 

poliTner, ' 


85. A product made according to process of Claim 63. 

86. A product made aocordj ^g to process of Claim 34, — 


!| RBMARK3 

■; The above claims are being added in confonnance with the 

•i 

ij accompanying “Contingent Motion To Subetltute *Cai*d and Card' 

'I Counts" and correspond to proposed Counts H(l) through H(4), 

’ respectively. 


t* 

I. 


Respectfully submitted, 
HERBERT L. HBISS 


. Attorney for Applicant 

• Pittsburgh, Pennsylvania 
. April 29# 19.60 
'I CWU/sa 
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IN THE UNITED STATES PATENT OFFICE 


t IN RE APPLICATION OP 
K HERBERT L. IIEISS 

!<ui 

^ SERIAL NO. 373,036 
2 FILED; August 7 , 1953 
' ENTITLED: NOVEL RESINOUS 

M ccMPosiTioi.’s ;jrD 

i| METHOD CF PRODUCIlfO 


Division 50 


Intorforsnoo No. 90,414 


PO'./ER OF ATTORNEY 


Corarnlssloner of Patents 
V/ashlngton 25 , D.C. 


Pleas© recognize Pulton B. Pllok, Registration No. 
12,919, a rjember of the firm of Brown, Crltohlov/, Flick mid 
Peclonan, Room I706 First National Bank .Building, Pittsburgh 22 , 
Pennsylvania, as Associate Attorney for mo In the above 
Identified application, and please continue to address all 
futui’o ooinniunlcatlons to Clollo 'i. Upchwch, Penn Lincoln 
Parkway Nest, Pittsburgh 5 , Pennsylvania. 

Respectfully submitted. 


St. Louis, Missouri 

February 17 , 1961 
FWhmlr 


Principal Attorney for 
Herbert L. Holss 
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PROOF OP SERVICE 

It IS hereby certified that a copy of thlo "Power of 
Attorney- was this 17th day of February, I 96 I forwarded by 
first class mail, postage prepaid, to Mr, T. H. TeOrotenhuls , 
a member of the firm of McCoy, Greene and TcOrotonhuls, 
fulkley Bulldins, Cleveland I 5 , Ohio, attorney of record for 

the Party Price, 


Jro3w?Xclc K • I-iUruocT. 
principal Attorney for 
Ilerbovt L, lloiss 
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ZM TMB UNITED STATES FATBNT 0!i>7ZCB 


AFPUCAnpN OFi HERBERT L. ISXSS 

SBRZAL SlUMBBRt 373.036 

FIUBDi August 7. 1963 

PORi NOVEL RKSJNOUS COMPOSITIONS 
AMD METHOD Ot PRODUCINO SAME 


DIVISION 5Q , II 

APPEAL NO. 24,205 


PETITION FOR EXTENSION OF TIME 
FOR FIUNO BRIEF ON APPEAL 


Your Pst&tlonar, Herbert L. Hei•.''^ by mesne of hie 
•ttomey, reepeotfully petitions the HonoPeble Commissioner of 
Petents to extend the tine for filing a Brief In the natter of 
the above Identified Appeal before the Board of Appeals for 
a period of sixty (60) days from the date the Brief Is now due, 
July 21, 1962, until September 19< 1962. 

In Paper No. 26 dated July 30. 1959. the Board of 
Appeals suspended proosedings until sixty days after termination 
of the Interfercnos In which this Application had become In- 
volved. The Interference terminated on May 22, 1962. 

Counsel for petitioner has discussed the olalms re- 
naming in the Application and the decision of the Board of 
Interference Exanlnsrs with the Examiner handling Ex parte 
natters. The Examiner Is preparing to furnish a latter under | 

Rule 266. It Is agreed between the Examiner and Counsel that | 

\ 

a proper brief cannot %e filed until some issues arising from | 
the Interference have been settled. The claims now under Appeal i 
will require amendment because of the Interference but cannot be | 

amended until the Examiner has furnished an action under Rule 266^ 

Extension i 




GRANTED 
JUN2G 1SB2 


I 
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The requested extension of tine will be required for { 
the Examiner to aot upon the oase and for oounael to place 
thlB application in condition for appeal in view of the 
Examiner 'e position following the Interference, In this way* | 
it will be possible to write one Brief and cover all appealable i 

I 

matters at one time. i 

i 

It la hereby certified that the foregoing request for 

I 

additional time la made In good faith and not for the purposes 
|| of delay. ' i 

i Respectfully submitted « 


II 

H 



Cano vropc 
Attorney for 



Pittsburgh* Pennsylvania 
1 CW'Jjnms 
i June 18* 1962 
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U. 8. DEPARTMENT OF COMMfcRCk 

PATENT OPFICB 
WAtHINOTON 


J«n® 26, 1962 


Applicane: Harbert L. Hq1»b 
S erial No. 373,036 
Appeal No. 242-05 


A raquaat for extension of tioe for filing 
a brief on appeal in the above Identified application 
haa been filed. 

The request has been granted by t>.e First 
Assistant Cpnmlasloner and the tlHse is extended to 
September 19. - 


By direction of the 
First Assistant Conmlssloner 


Olclle W. U|»chiireh 
Penn«“Llncoln Parkway West 
Pittsburgh 5j Pa, 


//? 


U8tX3MM-i)C 


j 


r 


U. S. C^ARTMEW^F COMMERCE 

PATCHT CPPieS 

Washincston 


Clelle W. Upchurch 
Penn-Llncoln Parkway West 
Plttsbureh 5, Pennsylvania 


ncma0jMb»to»eeQmmmnt4MttenJhanlh0 

gXAUISER in dutrg* vt (Ab mpptteatHan* 


C»mmUnl»n»r •/ fsimln 


n Apptktmu 

Herbea 

&ir.Na, 


Ptfw NOb 38 


T M 'm .,1.^ A.ii» _ 

J '•‘•'NCVl-L RESINOUS 
COMPOSITIONS AND 
MiTHOD OP PRODUCING 
-SJU-E 


^ISXStSSZ 


A# ^ 

(1« 


sHQRiera me m was 


Additional art cited* 


Wlndeouth et al 


2,948,691 Aug. 9, I960 260/2. 5A 

(Filed May 6, 1952) 


^ ) In Tlew of the newly cited Klndoauth et al 

patent, the finality of the rejection of Oetobor 2, 1958 
is hereby %rithdrawn* 

2) The aKcndment of February 6, 1 59 (paper Ho. 18) 

which was submitted in response to the above referred to 

final Office action has not been entered notwithstanding 

the withdrawal of the finality of the above referred to 

the , 

rejection. This la so in view of/ontery of the subsequent 
supplemental amendment of September 15, 1959 (Paper Ho. 27) 
which directed the cancellation of fell the claims except 

claims 35, 53, 54, 76, and ?B to 82. 

3) Clalma 83 to 86 which were presented in the 
amen^toent ®f May 2, I960 (Paper No. 34) have not boon entered 
since they were presented in a ''Contingent Motion To 
Substitute ‘Card and Card' Counts" in Interference No. 90,4l4 
which was not granted} see the Deoision on Motions dated 
August 15, I960 (Paper No. 30) appearing In the above 
referred to Interference., 

/¥f 
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Glaloa 35» 53 » 5**-» 76 and 78 to 82 appear 

hireln. 

5) Claims 35 and |^3 are rejected as fully met by 
Wlndemuth et al. Wlndemuth et al disclose a polyurethane 
vhloh Is the reaction product of>an excess of an organic 
polylsooyanate and a triol which Is the condensate of 

an alkylene oxide suoh as ethylene oxide and an organic 
trlhydroxy compound suoh as trlmethylolpropane. 

6) Claims 76 and 78 to 80 are rejected as 
unpatentable over Wlndemuth et al. 

Wlndeizi^th et al has been desorlbed above. 
Admlttedlyy this patent does not dlsolose a polyether 
having "at least 20 per cent of an alkylene oxide having 
more than 2 oarbon atoms" ao recited In claims 76 and 
78 to 80. However y this limitation does not patontably 
define over Wlndemuth et al since It^ draws' to new matter. 
There Is no basis for this expression as suoh In the case. 

7) Claim 5^ Is rejected as unpatentable over 
Wlndemuth et al In oomblnatlon with Rlnke et al. 

Wlndemuth et al has been desorlbed above. 

Rlhke et al disclose the reaction of a polyether glyool 
(ex. 4) with an excess of an organic dllsooyanate in the 
presence of an organic liquid havlt^ a boiling point of 
at least about 26o®C (column 1, line '>*> and ex. 23), 

The substitution of the trlhydroxy polyether of Wlndemuth 
•t al for the dlhydroxy polyether of Rlnke et al or the use 

/S'" 
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of the Rlnke et al organic liquid In Vlndenuth et al la 
eonaldered to be obvloua to one akllled In the art. This 
la so since each of the references la concerned with 
the prejMiration of polyurethanes from organic 
polylsocyanate/polyetherpolyol reaction products* 

8) Claims 76 and 78-80 arc rejected aa containing 
new matter in the expreaaiona "a molecular weight of at 
least 600". There Is no basis for this expression in the 
case as originally filed* Note the Board of Interference 
Examiners’ Decision dated March 23, 1962 In Intorferenee 
No* 90,4m wherein applicant was denied the right to 

make claims containing the above molecular weight since 
there was no reasonable basis therefor in the case* 

9) Claims 76 and 78-80 are rejected as containing 
new matter in. "at least 20 percent — mo"o than 2 carbon 
atoms"* There Is no basis for this specific language In 
the case. 

10) Claims 61 and 82 are allowable as at present 

advised. 

It) A SHORTENED STATUTORY PERIOD FOR RESPONSE TO 

THIS ACTION IS SET TO EXPIRE THREE MONTHS PROM THE DATE 
HEREOF. 


APPWWtD 

rOBSHOBTENEOPKlOO 



\ ' 
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IN THE UNITED STATES PATENT OFFICE 


p r c F nPT^ 

SEP 2 7 !{rv 






In re the Application of 
HERBERT L. HEISS 


Serial No. 

Filed; 

Title: 


373,036 ) 

Auguat 7, 1953 ) 

NOVEL RESINOUS COMPOSITIONS ) 

AND METHOD OF PRODUCING SAME ) 


AMENDMENT 


DIVISION 



The Honorable Commiaaioner of Patents 
Waahington 25, D. C. 

Sir: 

In reaponae to the Office Action dated August 13, 1962 
please amend the application as follows: 


/ 

Cancel Claims 35, 5 


i rewrite them as follows: 


/■ ^ 1 

3, 34, 76 i 


' j / 

nd 78 through 80 and 


/r 


i 


I 
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I The reaction product of (1) a condensate of 

i 

j propylene oxide and a polyhydric alcohol having from 3 to 4 hydroxyl 
Ij groups, and (2) a-membar selected from.tha group consisting of- 
{ an organic polyisocyanat^ and an-organic polyisothiocyanate^ the 
j amount of { 2) being in excess of that theoretically required to react 
I with the reactive hydrogens of said condensate. 

! 7 AT. A method for making a polyurethane reaction 

j ' 

;1 product which comprises mixing (1) a condensate of propylene 
! oxide and a trihydric alcohol with ( 2) an organic polyisocyanate 

i , 

I in a ratio of greater than one -NCO per reactive hydrogen of said 

j! ■•J' 

! condensate, and reacting the mixture until a second polymer 

j! 

ii having a chain Ua^h greater than that of said condensate is formed. 

i 

I ^ — ay. The product df claim 87. wherein the said group 

!i ■ 

ii member is an organic polyisocyanate. 

A process for making a reaction product which 
comprises reacting (1) a condensate of propylene oxide and a polyhydric 
alcohol having from 3 to 4 hydroxyl groups and (2) a member selected 
from the group consisting of an organic polyisocyanate and an organic 
polylsothlocyanate, the amount of (2) being in excess of that 
theoretically required to react with the reactive hydrogens of said 


yr-3 


condensate. 
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i 
( 

i 

I 

( 

Stt, Th« proceii of plalm 9<f wherein the eald condeneate 

I 

! U reacted with an organic polyltocyanate. 

I 

I 

t 

^>2’, A proceee of forming a polyurethane reaction 
j product comprlilng the step* of mixing In a liquid form (1) an 

:i hydroxy terminated polyether polymer which la a condeniatlon 

product of propylene oxide and a polyhydrlc alcohol having leee than 7 

I I 

,i carbon atome and having 3 to 4 primary hydroxyl groups, and (2) 

* j 

an organic dllsocyanate, in an amount providing a ratio of -NC9 
groups to the reactive hydrogens of said polyether greater than I 
to 1, and reacting the mixture until a second polymer having a 
chain length substantially greater than that of said polyether polymer is 

formed. 

A process of preparing a polyurethane reaction 
product comprising the steps of mixing ( 1) a liquid hydroxyl 
j terminated polyether polymer which Is a condensation product of 
"f- \ propylene oxide and an aliphatic jpotyhydrlc alcohol of less than 7 

carbon atoms and having 3 to 4 hydroxyl groups, and (2) an organic 
polyisocyanate having 2 to 3 functional isocyanate groups in a ratio 
ii of greater than one ANCO per reactive hydrogen of said polyether 

i' ' 

‘1 polymer, and sactlng the mixture to form a reaction product having 
} a chain length subsUntlally greater than that of said polyether polymer. 

'i ! 
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Claim 92. 


94, A prc^uct tnado^^fording to the proeeaa of 


••9S7 A product made according to the proeeaa of 


f' 

Claim 95. 


^ A proeeaa of forming a polyurethane 

eompriaing the atepa of mixing (1) a condenaation product of 
propylene oxide and glycerine, and (2) an organic polyiaocyatiate 
in a raUo of greater tha® one ^-NCO per reactive hydrogen of aaid 
condenaation product, and reacting the mixture until a second 
polymer having a chain length aubatantially i,roater than that of 
said condensation product ia formed. 


^ process of forming a polyurethane reaction 
product comprising the atepa of m'xing (1) a condensation product 
of propylene oxide and an aliphatic polyhydric alcohol of leas than 7 
carbon atoms and having from 3 to 4 hydroxyl groups and (2) an 
organic diiaocyanate in a ratio providing more than one -'nCO per 
reactive hydrogen of said condenaation product, and reacting the mixture 
until a eecond polymer having a chain length substantially greater than 
that of said condensation product la formed. 





1! 

1 

1 

ii 

11 

1 

ii 

1 

I 

A 2900 

\ . 

1 

1 

1 


1 

A proceB* o£ forming & polyurethane reaction 

1 

1 

product comprlelng the etepe of mixing a first polymer eompH.lng 

1 

a eondeneatlon product of propylene oxide and an aliphatic pplyhydric 


alcohol of lee • than 7 carbon atome and having 3 to 4 hydroxyl groupe. ; 

■f ■ ' 

and at least about 2 mole, based on the amount of said condensation 
product, of an organic dllsocyanate aiid reacting the mixture until 

• 

■ a second polymer having a chain length substantially greater than 

1 


1 

! the first polymer Is formed. 

1 

i_ - 

..yj 

remarks ' ' 

^ 

1 

! Reconsideration of the application In view of the 

i 

foregoing amendment and the following explanation is respectfully 
requested. The recent interview with the Examiner is acknowledged 

with appreciation. 

All of the claime, except for allowed Claims 81 and 82 



have been cancelled and rewritten as Claims 87 through 98. It 

1 

is submitted that the new set of claims cannot bo properly rejected 
' as unpatentable oyer Wlndemuth et al. All of the claims require 

1 that the alkylene oxide be propylene oxide. Wlndemuth et al. discloses 

j only ethylene oxide. Since Wlndemuth et al. does not disclose the 

1 polyethcr covered by the new sot of claims, Applicant Is not merely 


• / 
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aubftitutlng tha Windemuth at al. polyather tor tha one diacloted by 
Rlnke at al. It is aubmittad that no oaa reading the two patents together 
could conclude that one must use a polyoxypropylene ether Instead of 
the polyethylene ether glycol of Windemuth at al. in order to make 
a poiyurethano of improved characteristics. 

: The new'claims do not include the limitation objected to in ' 

, 

; Paragraph 9 of the Office Action. 

I ' 

|| Of the newly presented set of cUims. Claim 87 is similar 

|( to form.. Claim 3S. and l. dir.c..<l to th. r.actioo product obtainod 
j whan an organic polyl.ocyanate or organic polyi.othlocyanata Is 

I 

reacted with a propylene oxide<bpolyhydrie alcohol condensate, 
i Claim 86 specines that the polyhydric alcohol is to be a 

I trihydric alcohol and is similar to cancelled Claim 53. 

Claim 89 is dependent upon Claim 87, but specifies that 

I organic polyisocyanate is used. 

I Claim 90 is a process cUim directed to the preparation 

I of a polyurethane from a propylene oxlde-polyhydric alcohol 
condensate and a polyisocyanate or polyisothiocyanate. 

Claim 91 is specific to an organic polyisocyanate. 

CUim 92 corresponds to cancelled Claim 76, but is directed 

to the preparation of a poiyurethano using a propylene oxido-polyhydrlc | 
alcohol condensate. 

i : 
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Claim 93 Is slmilat to former Claim 76 and distinguishes 
from the other claims by specifying a liquid polyether ie reacted 
with a polyisocyanate. 

Claims 94 and 96 correspond to former Claims 79 and 
60 and are directed to the products of Claims 92 and 93, respectively. 

Claim 96 is directed to the preparation of a 
polyurethane by a process in which a condensate of propylene oxide 
and glycerine is used. This claim differs from the other claims 
in this respect. 

Claim 97 is similar in some respects to Claim 82 
but differs therefroih in the ratio of diisocyanate to polyether. 

Claim 98 requires at least two mols of diisocyanate 
per mol of condensation product. 

It is submitted that the claims as now written are 
allowable, so early allowance is earnestly solicited. 


Respectfully submitted, 
HERBERT L. HEISS 


Pittsburgh, Pennsylvania 
September 17, 1962 
CWUtnms 


By W 



Clelle W. Upchurch 
Attorney for Applicant 


/ rf" 
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U, 8. DEPARTMEl«i«»t>F COMMERCE ST 


pAnatrorrKM 

Washinoton 


W. ^ehureh 

Penn-Lineoln Papkvsy Vast 
Pittsburgh $, Pa, 


Ptmmjbtd btlem m eommunteattimfnm th» 
EXAMINER In eharg* qf thU applUatton, 


Ftfu No. 

liO 

AppUemnH 


Herbert L. Helas 


St. No. 

373.0?6 

W/7f2) 

riM 

Au«f. 7. 1993 _ 

*^12)962 

for 

nova RE3IH0TJ3 COM- 


POSITIONS AND METHOD 


> J>iLEL0MCINi5_SAfBi. 


D Clalna 61* 62 and 67 to 98 appear herein* 

Claina 6l« 62* 66a 90 to 93 *nd 96 to 96 are 

alloved* 

3) Clalna 87, 89* 9U to 95 we rebooted as belnp 

f unduly nultlpliad. 

These elalna are produet-by-prooese elalns. As 
a general rule, appllo«nt la entitled to only one suoh 
olalR unleaa there are naterial dlfferenees between the 
produeta produced by the prooeaaea recited In the different 
olalRs; section 706.03 (B) M.P.S.P. (3rd Ed.). The claims, 
aa presently worded, do not contain the necessary material 
dlfferenees. For example, the only difference between elalas 
67 tnd 89 (69 being dependent upon 87) la that claim 89 la 
United to an organic polylsooyanate. This la net a mate- 
rial difference since the organic polylsooyanate la already 
apeelfleally included In olaln 67 as one of the members of 
the Markueh group of ooiqionenta which can be reacted with 
the condensate. Likewlae, there la no naterial difference 
betweah the products of olalma % and 95* Clalna 9h and 95 

/ S'^ 
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depend from prooeee elelmi 92 end 93. The proeeseee recited 
In oUlme 92 end 93 ere the aeme. The only dlfferencea are 
In (1) The definition of the laooyanete component; vie, 
claim 92 i "orpanlo dllaocyanate" and claim 93*'* an organic 
polylabcyanate having 2 to 3 functional laocyanate groupa" 
and (2) the manner of expreaalng the amount of the laocyanate 
component; each claim. In eaaenoe, requiring that an exoeaa 
be preaent. Theae dlfferencea are not of ouch a degree 
that they would reault In auoh dlfferencea that would 
entitle applicant to both clalma 94 and 95. Finally, the 

produota of clalma 94 and 95 are eneonpaaaed by the produota 
recited In clalma 8? and 09. 

4) Thlo rejection la made PINAL. 



DECtaJa/bmh 


/CO 



j; Claim 87, line 3, cancel "a member aelected from the group 

ji ■ ■ 

j conaletlhf of"; line 4, cancel "and an organic polylaothiocyanate, 

■ame line, after "polyltocyanate" invert a comma 

/L! 
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Cancel Claims 89 and 94, 


Claim 93. Una 4. cancel "an aliphatic" and before "polyhydrlc" 


Insert .. a 


REMARKS 

Reconsideration of the application in view ef the foregoing 
amendments is respectfully requested. As pointed out at the recent 
interview, which is acknowledged with appreciation, section 706.03 
(E) MPEP {3rd Edition) does not prohibit the allowance of than 

one product-by. process claim. It is understood that both W^s 
will be allowed. 


The above amendment removes the last Issue involved in thii 
application, so it is submitted that the case is now in condition for 
allowance. Early allowance, therefore, is earnestly solicited. 


Respectfully submitted, 
HERBERT L. HEISS 


|l Pittsburgh, Pennsylvania 
Ij 5 November 1962 

ii CWUsnms 

1 1 


Clello W. U^x^hurch 
Attorney for Applicant 


9tm 
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Paper No.: '*■2 ^ 


Serial No.: 373,036 

REFEREMCES OTEO 

The following reference* »re of record in rhe patented file of thi* pntentt 

UHlTiO STATES PATIMTS 


Name 

Number 

Date 

Pratt 

^2,349,756* 

May 23, 1944 

Rlnke at al^ 

^2,5ll,5Mf 

Juna 13 , 1950^ 

Simon et al 

-2,577,281 

Dee. 4, 1951 

Seholdt at al 

'^2,621,166 

De<v 9, 1952 ^ 

Seegar 

,.2,625,531 

Jan. 13, 1953 ^ 

Saager 

^2,625,532 " 

Jan. 13, 1953 • 

Mastln at al 

-^,625,535' 

Jan. 13, 1953 

Wisdemuthi 

.^,650,212 

«ug. 25, 1953 " 

SlAon et al 

/2, 772, 245 

Nov. 27, 1956“^ 

Rail 

/2,779,689- ' 

Jon. 29, 1957'^ 

Datrlek at al 

/ 2,787,601 

Apr. 2, 1957 

Wlndemurth 

. /6, 948, 69.1- 

POREICN PATENTS 

Aug. 9, 1960”^ 

Cauntrjr 

Number 

Date 

Franaa 

869,243 

Sap; 29, 1942 

. Franoa 

875,643 

Sep". 29, 1942 

Franaa 

890,915 

Feb. 22, 19^^ 

France 

897,067 

Mar. 12, 1945 ^ 


OTHER REPERINCES 

page 302 . ^ 

^'DoBeli; "OerBan Plaatiaa Ppaotlca^^l946, 

^"Chemloal l!nglnaaring% Volume 57, No. 4, 
pagea 165 and 166. 

ApriU 1950, ^ 

• 

/ Li 
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ACiiMae viikT 
t coMMifttiOMia vr »*T| 

WfttHiMaroii tt, ft, e« 


O f1 O 

uTs. DEPARTMfi^ OF COMMER^ 
PATENT OFFICE 
WASHINGTON 

NOTICE OF ALLOWANCE 


Ml cMaaMiKRaliMM 

IkU MjijiiitMiiiia ikMtM (iM 
Milat MHMkrf. ilali- (INAfi 

•Ml vf lll>> 


The application for patent identified below hai been examined and found altowoble 
for Issuance of letters Patent. 


FILING DATE 


I KRIAL NO, 


Na'^F cCAIMi~AL(.OWIli'''l (XAMINKn 


iio'pn, 'ior'hevt L., ■‘'nnlRton, Ala. 


AmiCANT 

1 ' 


AailCNCt 


TItU 

Pol.- 

rur ethane 

OP 

naicl 

.nj BQ.-ne 

mVCNTION 

^ 

/b3 • 

d 


IL. .T. Do-ony*'.?. rr 


D’’io, u, i?'y^ 


CLAM. cue 


k50/077.? 


With the allowance of the application the final fee becomes due. This fee is thirty 
dollars ($30) plus one dollar ($1) for each claim allowed in excess of twenty 1201 and 
must be paid within 6 months from the dote of this notice. Failure to remit the final 
fee will result in the patent being withheld from issue. 

At 'a corsvenlonce In remitting this fee, use of the enclosed Form POL-8Sa Is suggested. 
The final fee will not be received from anyone other than the applicant, his assignee 
or atlorney, or a party in interest as shown, by the records of the Patent Office, If no 
entry appears in the space labeled "assignee," above, a form is enclosed relating to 
the address of the inventorlsl which requires your attention. 

If it is desired to hove the patent issued to an ossignee or assignees, on assignment, 
together with the fee for recording the same, must be filed in this Office on or before 
the dale of payment of the final fee. 

The patent will be issued and forwarded within approximately two months after re* 
e'eipt of the finol fee. 

By direction of the Commissioner. 


”lelle iV, Upchurch 
?:rj'.-L',r.coln Pa’”!<sroy Teat 
h 5, Pa. 
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IN THE UNITED STATES PATENT OFFICE 


APPUCATIONOF 

I 

li HERBERT L. HEISS 


UviCch^Vr 


yf- 


iSERlA.LNO. 373.036 
I FILED: August V, 1953 


) DIVISION 50 


TITLE: POLYURETHANE REACTION PRODUCT ) 
I AND METHOD FOR MAKING SAME ) 


; Th« Honorable Cotnmleeloner of P^enti 
! W.ihlngton 25. D. C. 


; sir: 


Please place the enclosed Supplementar 


/ 

/Oath In 


the fils 


of the above •Identi fled patenc application. 


Respectfully submitted, 
HERBERT L. HEISS 


} 

|1 Pittsburgh, Pennsylvania 

it ■ 

: January B, 1963 




Clclle W. l^ifchurch 
Attorney for Applicant 
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IN THE UNITED STATES PATENT ‘ 

APPLICATION 0P» 

HERBERT L. HEISS 

SERIAL. NO. 575i056 

PILED! AUGUST 7# 195? 

TITLE! POLVURETHANE="I«AeTION PRODUCT 

AND METHOD FOR MAKING SAME ) 

STATE OF WEST VmOINIA 
COUNTY OP MARSHALL 

SUPPLEMENTARY OATH .. 

i 

Being duly ewom* I Herbert L. Heles depose and say ^ 
that I am a citizen of the United States, residing at Route 1, 

Cider Run, New Martinsville, West Virginia; that I have read the 
specification of the above-identified application and |the ; 

amendments filed March 24, 1959# September 26, 1962 and November 6, 
1962 and that I verily believe myself to be the original, first ! 
and sole inventor of the subject matter of all the allowed claims;!'^ 
that the subject matter of the aforementioned amendments and the 
allowed claims Is part of my Invention and was Invented before 1 
the filing of the a^ove-ldentlflod application; that I do not 

t 

know and do not believe that this Invention was ever known or 
used before my Invention thereof, or patented or described In 

. I 

any printed publication In any country before my Invention 
thereof, or more than one year prior to the filing date of this 
application, or In public use or on sale In the United States 
more than one year prior to the filing date of this application; 

I 

that this Invention has not been patented In any country foreign | 

/dC ® 


i 

!i 
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to the United States on an application filed by me or my legal 
representatives or assigns more than twelve months prior to the 
date of this application! and that applications for patents on 
the Invention wore not filed In any country foreign to the j 

j| United States prior to the filing date of this application In | 

j the United States; and that the Invention as claimed In all of the 

j allowed claims has not been abandoned. ! 


/ f 

U i‘ 


Melss 


I 

I On thlB‘?i*s\ day of 1963, before me 

I personally appeared Herbert L. Helss to me personally known, and 

I I 

j| known to me to be the person who signed the foregoing, and 
I acknowledged the signing of same as his free act and deed. 


Notary rubllc 
Wy Ccm»f.ij5icn Upifts Jufy 1 . i9Cii 
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of said products with water may be mentioned by way of instead of water, Because of the larger proportion of 
example by ct:using water in form of atmospheric mois- isocyanate and the different arrangement of the i^yanate 
lure to act at room temperature on thin layers of isocya- in the molecular structure the physical properties of the 
aaiS ®fsdificd polyglycctelficrs, insoluble films or foils plastics thus prepared differ from those produced from 
are obtained within a longer or shorter period, depending 5 equivalent amounts of polyfunctional isocyanates, 
on the reactivity of the isocyanate employed; the reaction Furthermore, the isocyanate modified polyglycolethcr.s 

of naphthalene- 1.5-diisocyunate at 50 percent of relative arc valuable intermediate products for a number of 
atmospheric moisture is complete after about 2 hours. further reactions. F'or instance, N.N'-dialkylantino- 

The films or foils thus obtained may have paper-like ethanols may be chemically added without difficulties thus 

or rubber-clastic properties; they are distinguished by a 10 forming basic polyglycolethers. ’fhese basic polygly- 
r.emarkuble swelling behavior. Complete indifference in colethcrs may be rendered quaternary by means of ha- 

aliphatic hydrocarbons renders the new products suitable lidcs whereby new classes of compounds arc made ac- 

for application in this fields in the art where such prop- cessible. The use of cpichlorohydrin gives rise to termi- 
erty is required, for instance in the coating of gasoline nal alkylene oxide groups which may be used for fuir^er 
tubes or storage tanks for gasoline. The capability of the IS reactions. Plastics of new properties can be obtained 
new products of swelling in water can bo utilized if from dihalides, for instance 1 ,4-dichIorobuteqe. By 
counter-stresses are required of support materials such chemical addition of fatty alcohols substances having 
as paper, fabrics, and films of high polymeric plastics, to emulsifying properties are obtained. The aforesaid modi- 
which the films or foils are applied, in contact with water fications may be named as examples of reactions which 
or atmospheric moisture. The swelling of the layer con- 20 provide new classes of compounds. It is, however, by 
sisting of isocyanate modified polyglycolether on said no means intended to restrict the application of iso- 
base materials causes in many cases the material to vault cyanate modified polyglycolethers as intermediate 
to a larger or lesser extent, thus compensating any coun- products, 

ter-stresses. The aforesaid refers, for instance, to carbon In the reaction of polyglycolethers and polyfunclional 
paper for typewriters which by suitable treatment with 25 ismeyanates a too vigorous reaction and insolubilization 
the new products is prevented from being rolled up. of the reaction mixture often take place. Such course 
Isocyanate modified polyglycolethers, especially those of reaction easily occurs when polyglycols containing free 
having a molecular weight higher than 2000, are soluble alkali from their preparation are employed. A too 
in water. Solution's thus prepared, however, are not stable vigorous reaction and insolubilization are safely avoided 
because of the high reactivity of the isocyanate group 30 by carrying out the reaction of polyfunctional poly- 
in water. Thickening or gel formation with the increase glycolcthers and polyfunctional isocyanates in the pres- 
in molecular weight occurs within intervals of some min- ence of acid reacting substances or substances which are 
utes depending on the solid content of the solution. A capable of forming acid, for instance, by the action of 
proportion of 4 percent of an isocyanate modified poly- water or heat. Very small quantities of said substances, 
glycolether prepared from a polyglycolether of a molec- 35 say less than 0.5 percent, frequently only 0.05 percent 
ular weight of 4030 which is obtained by addition of calculated on the polyglycolethers, suffice to secure a 
ethylene oxide to trimethylolpropane, suffices to form a uniform course of reaction. Suitable substances for this 
gelatinous mass. The use of smaller quantities results purpose are, for instance, organic and inorganic acid 
in the thickening of the solution. chlorides such as acetyl chloride, propionyl chloride. 

The cross-linking by carbamide groups is accompanied 40 oxalyl chloride, adipic acid chloride, benzoyl chloride, 
with the evolution of carbon dioxide. Such course of phosphorus tri- and pentachloride, phosphorus oxychlo- 
reaction may be utilized in the manufacture of cellular ride, tin tetrachloride, furthermore hydrohalic acids, in- 
niaterials. Isocyanate modified polyglycolethers are in- organic acid anhydrides such as sulfur dioxide and sul- 
fimalely mixed with the amount of water sufficient for fur trioxide. Reference may further be made to buta- 
reacting the excess isocyanate present, preferably in the 4g diene sulfone which decomposes into butadiene and sul- 
presence of alkaline media, for instance, alkali phenolntes fur dioxide at higher temperatures. The action of the 
or more preferably tertiary amines, in quantities of about aforesaid substances is shown in various directions; 

2 percent calculated on the isocyanate modified poly- (I) They prevent the polymerization of the isocya- 
glycolethcrs, optionally with the aid of an emulsifier. nate group; 

The mass soon expands and solidifies to an insoluble ceil u- 50 (2) They exert a retarding influence on the speed of 

lar material, Of course, cellular materials can also be reaction between the isocyanate groups and the hydroxyl 
produced in a single operation step by starting from poly- groups of the polyglycolethers; 

glycolcthers which are reacted with the other components. (3) The polymerization inhibiting action on the iso- 
■^e invention provides innumerable possibilities of vnria- cyanate groups is preserved in the end or intermediate 
tion owing to the great number of polyglycolethers and 05 product, even after completion of the reaction, 
polyfuncu'onal isocyanates which may be used as Starting The latter point is of importance in respect of the stor- 
materials. Cellular materials of the most differint physi- ing capacity of the isocyanate modified polyglycolethers 
cal properties may be Obtained by suitable choice of the which can be easily handled provided that atmospheric 

reactants. All these materials, however, are distinguished, moisture is excluded. 

to a larger or smaller extent, by a marked swelling 60 In those oases where the acid substances which inhibit 
capacity in water and other solvents. Reaction of iso- polymerization and retard reaction Velocity will inter- 
cyanate modified polyglycolethers to form insoluble prod- fere in the further reactions, the action of the said sub- 
nets may further be carried out with aliphatic or aro- stances can be compensated at any time by addition of 
matic di- or polyamines. For instance, an insoluble film alkaline agents, for instance, tertiary amines. These 
or coating can be produced on a support by subjecting the 05 alkaline agents may either be incorporated into the iso- 
isocyanate modified polyglycolether applied to the sup- cyanate modified polyglycolethers or may be caused to 
port to vapors of the above said amines, for instance, act on the isocyanate modified polyglycolethers from out- 
ethylene diamine. For instance, diaphragms for gasoline side, for instance in the form of gases. For instance, if 

pumps can be produced in this manner. on a support a film or foil is to be produced from a 

The isocyanate modified polyglycolethera obtained nc- 70 stabilized isocyanate modified polyglycolether the reac- 
cording to the invention may further be utilized in the tion with the atmospheric moisture can be susbtantially 
manufacture of compact plastics. For this purpose, gly- accelerated by contacting the isocyanate modified poly- 
cols or polyvalent, primary or secondary, alcohols, fur- glycolether applied to the support with a gaseous atmos- 
thermore diamines or polyvalent, primary or secondary, phere, for instance, such containing vapors of hexahy- 
amincs arc preferably employed os crpss-linking agents 76 drodimcthylanilinc. 
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The invention is further illustrated by the following 
examples without being restricted thereto, the parts being 
by weight 

Example I 

50 parts of a polyglycolether obtained by chemical 
addition of 8.5 mots of ethylene oxide to 1 mol of tri- 
oiethylol propane are reacted with 16.8 parts of hexa- 
methylene diisocyanate at 120* C. for two hours. The 
melt becomes viscous. A light yellow resin is obtained 
on cooling which is insoluble in hot and cold water and 
forms viscous solutions in acetone, benzene, chloroform, 
and ethyl acetate. The resin may be used as addition 
agent for lacquers and plastics, for instance those pre- 
pared on the basis of nitrocellulose. 

Example 2 


6 

vessel by heating to 80“ C. for 6 hours. 'The products 
listed in the following table are obtained by the reaction: 
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300 parts of a polyglycolether obtained by addition of 
9.5 mols of ethylene oxide to 1 mol of trimethylol pro- 
pane arc reacted with 196 parts of phenyl isocyanate. 
After completion of the exothermic reaction the mixture 
is stirred at 150° C. for one hour. The resultant vis- 
cous oil (481 parts) is insoluble in water but dissolves 
in organic solvents. The oil is not volatile and com- 
patible with nitrocellulose, cellulose acetobutyrate, cel- 
lulose triacetate, benzyl cellulose, polyvinyl acetate, co- 
polymers of vinyl chloride, and polyvinyl acetate, and 
may successfully be employed for plasticizing said sub- 
stances. The reaction product has a flash point of 249° 
C., the point of ignition is 284° C. The product shows 
good lubricating properties. 

Example 3 

300 parts of the polyglycolether described in Example 
2 are reacted with 266 parts of 6-chiorohexylisDcynnale 
at 120-150° C. until a homogeneous melt has formed 
which is stirred at 150* C. for another hour. The ex- 
cess isocyanate is removed in vacuo by heating. 540 
parts of an oil of mean viscosity is obtained Which is 
insoluble in water but soluble in organic solvents. The 
oil is not volatile and compatible With nitrocellulose, 
cellulose acetobutyrate, cellulose triacetate benzyl cellu- 
lose, chlorinated rubber, polyvinylacetate, copolymers of 
polyvinylchloride, and polyvinylacetate, and may success- 
fully be employed for plasticizing said products. Fur- 
thermore, the oil has good lubricating properties. 

Example 4 

50 parts of a polyglycolether obtained by addition of 
9 mols of ethylene oxide to 1 mol of trimethylol propane 
are reacted with 34 parts of stearyl isocyanate at 140° 
C. for 4 hours. The resultant paste forms turbid sus- 
pensions in cold water and is insoluble in hot water. 
The substance may be employed for emulsifying for in- 
stance fats, oils, and hydrocarbons in water. 

Example 5 

Polymeric products of varying solubility properties 
can be obtained by reacting a polyglycolether prepared 
from trimethylol propane and ethylene oxide, which has 
the molecular Weight 4030, with hexamethylcne diiso- 
cyanate. Tbe process of preparing said polymeric 
product is carried out ns follows: 100 parts of the poly- 
glyeolether arc dehydrated at 150° C. and 1 mm. Hg by 
treatment in vacuo for one hour, thereupon cooled to 
45° C. and 0.25 percent of acetyl chloride is added. 15 
minutes after addition of acetyl chloride, hexamethylcne 
diisocyanatc is introduced into the melt which is con- 
stantly stirred and simultaneously heated to 80° C. Aft- 
er thoroughly mixing the reactants which generally takes 
about 10 minutes, the mixture is poured into a vessel 
which may be closed and the reaction is completed in the 


All the above isocyanate modified resins are highly 
viscous, fibre forming masses in the heat; they arc tough 
at room temperature and show a concboidal structure. 
Like the polyglycolether used for their preparation all the 
products are distinguished by complete insolubility in 
aliphatic hydrocarbons. The aqueous solutions of the 
products may be employed as textile assistants and for 
impregnating wood, especially in the preparation of pen- 
cils. Furthermore, the products may successfully be used 
in the preparation of lead for pencils and as plasticizera 
for plastics and lacquers. 

Example 6 

The wax of the molecular weight 4030, which is pre- 
pared from trimethylol propane and ethylene oxide, is 
dehydrated us described in Example 5 and acetyl chloride 
is added, The wiix i.s then mixed with toluylene diiso- 
cyanate (6.48 pa.'-ts per 100 parts of wax), the mixture 
is cast into a mold wherein the reaction is completed 
by heating for 6 hour.s to 100° C, A cross-linked plastic 
is obtained which is insoluble in water and organic sol- 
vents and shows rubber-clastic properties, especially at 
temperatures above the softening point of the resin used 
(48° C.). The product is of importance because of its 
incapability of swelling in aliphatic hydrocarbons and 
its swelling capacity in water. 

The use of 7.82 parts of naphthalene- 1,5-diisocyanate, 
or of 6.25 parts of hexamethylcne diisocyanate per 100 
parts of wax results in the formation of similar cross- 
linked plastics. It is thus possible to produce shaped 
articles by casting. 

Example 7 

100 parts of a polyglycolether prepared from tri- 
methylol. propane and ethylene oxide, which has a mo- 
lecular weight of 4030, are reacted with 16.9 parts of 
naphthalene-1, 5-diisocyanate after dehydration and addi- 
tion of acetyl chloride as described in Example 5. In 
order to ensure to homogeneous melt the isocyanate is 
added at a temperature of 125-130° C. and after fusing 
the isocyanate the melt is heated to 80-100* C. for a 
further two hours while continuously stirring. The prod- 
uct obtained by the reaction is an isocyanate modified 
polyglycolether having three reactive isocyanate groups 
per one mol of polyglycolether. By applying this prod- 
uct in a thin layer from a 75 percent acetone solution 
to a glass plate, a rubber-clastic film which may be re- 
moved from the support is obtained after stirring at room 
temperature for one and a half to two hours. The film 
shows remarkable swelling properties which are deter- 
mined by means of 0.25 mm. thick lamellae of an area 
of 9 cm.“ by swelling at room temperature in the most 
various solvents which are listed in the table below. As 
measure for the swelling degree the quotient of the area 
of the swelled lamella (F) and the area of the lamella 
prior to swelling (Fq) is given in the table. 
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tion of bubbles in the gel, especially when larger quBi^> 

swoiung QuoUent F/F, ties of the isocyanate are used. The reaction can ad- 
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Foils showing similar swelling properties may be ob- 
tained from the aforesaid polyglycolether and 13 parts 
of toluylene diisocyanate per 100 parts of wax. The 
reaction of such diisocyanate modified polyglycolether 
and atmospheric moisture is preferably carried out at 
moderately elevated temperatures, for instance at 50° C., 
since this isocyanate modified polyglycolether crystallizes 
at room temperature thus causing the formation of films 
with rough surfaces. This crystallinity is still more notice- 
able with isocyanate modified polyglycolether of higher 
molecular weight, for instance such obtained by reacting 
a polyglycolether of the molecular weight 8950, which 
is prepared from pentaerythrite and ethylene oxide, with 
9.4 parts of naphthalene-1, 5-diisocyanate per 100 parts 
of wax. The films produced from the latter type iso- ** 
cyanate modified polyglycolethers have more noticeable 
swelling properties (see table), however, without showing 
principal differences from the above described product 
produced by means of 60,9 parts of naphthaIeae-l,5-diiso. 
cyanate. 

Example 8 

100 parts of a polyglycolether of the molecular weight 
4030, prepared by addition of ethylene oxide to tri- 
methylol propane, are reacted with 0.5 percent of buta- 45 
diene sulfone at 150'' C. and 1 mm. Hg after dehydra- 
tion for one hour. The major part of the butadiene 
sulfone has decomposed after 30 minutes. To remove 
volatile ingredients vacuum treatment is repeated for a 
short time until the melt is free of bubbles. Thereupon GO 
14 parts of toluylene diisocyanate are added while con- 
tinuously stirring at 80° C. and the reaction is completed 
by heating the melt at the same temperature for another 
hour. An isocyanate modified polyglycolether containing 
3.2 percent of NCO groups is thus obtained. The prod- 56 
uct is stable provided that atmospheric moisture com- 
pletely is excluded. Crystallisation occurs at room tem- 
perature, the product is liquid at moderately elevated 
temperatures. Tbe free NCO groups render the isocy- 
anate modified polyglycolether suitable for use as inter- 60 
mediate product in further reactions. The reaction of 
the product in thin layers with atmospheric moisture to 
form rubber-elastic films has been described in Example 
7. Other effects are attained by stirring the product into 
water. For this purpose, a solution of the isocyanate in 65 
acetone or tctrahydrofuran is preferably employed. Pres- 
ently after preparation of the aqueous solution the latter 
solidifies to an insoluble gel. The solidity of the gel 
increases with the quantity of the isocyanate modified 
polyglycolether used. When 4 percent of diisocyanate 70 
modified polyglycolether is employed a solid oil is ob- 
tained whereas 3 percent of diisocyanate modified poly- 
^ycolether causes the formation of a thickly viscous 
liquid. Gel formation is accompanied ■with the evolution 
of carbon dioxide which can be perceived by the forma- 76 


vantageously be adapted to the thickening of aqueous 
solutions or emulsions. 

Example 9 

The Isocyanate modified polyglycolether obtained ac- 
cording to Example 8. which contains 3.2 percent of NCO 
groups, can successfully be employed in the manufacture 
of plastics. 100 parts of this isocyanate modified poly- 
glycolether are reacted with 6.8 parts of dimethyl amino 
ethanol at 80° C. A polyglycolether containing terminal, 
tertiaiT nitrogen atoms is thus obtained. By mlxtiig this 
basic intermediate product with 5 percent of l,4-dichlon>- 
butane a cross-linked, insoluble plastic is obtained in an 
exothermic reaction. 

Example 10 

100 parts of the isocyanate modified ptdyglycolether 
obtained according to Example S, which containa 3 J per- 
cent of NCO groups, is mixed with 2 percent of water and 
2 percent of the prepared product by addition of piienyt 
isocyanate to N,N'-dimethyl amino ethanol at moderately 
elevated temperatures at which the product ia preaent in 
a liquid form. The mass begins to expand by the action 
of carbon dioxide evolved from the free NCO groups and 
water, and eventually solidifies to an elastic cellular prod- 
uct. The product has the remarkable property of swelling 
in water to a material extent whereby an increase in mo- 
lecular weight by 4 times the weight of the starting ma- 
terial was determined. After drying the swelled sponge 
the starting material is recovered. 

Example II 

100 parts of an ethylene oxide polymer having the 
hydroxyl number 11.0 are dehydrated at 150* C. and 1 
mm. Hg for one hour and intimately mixed after wwUng 
to 80° C. with hexamethylene diisocyanate in quanities in- 
dicated in the table below. The mixture, which becomes 
distinctly more viscous already after 10 minutes, is 
into a container wherein the reaction ia completed by beat- 
ing to 80° C. for 8 hours. Products of high molecular 
v/eight which have higher viscosity numbers than the 
starting materials are obtained. All the products are 
soluble in water. 
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Example 12 

250 parts of a polyglycolether of the hydroxyl number 
58.0, which has been obtained by addition of ethylene 
oxide to pentaerythrite, are reacted with 0.725 part of 
acetyl chloride and thereafter with 40 parts of toluylene 
diisocyanate after dehydration by heating in vacuo at 
50° C. n-ic reaction is complete after 1 hour’s stirring 
at 80° C. The resultant isocyanate modified polygh^- 
ether contains 3.53 percent of NCO groups. The product 
shows the same properties, for instance in water, as the 
diisocyanate modified polyglycolether dracribed in Ex- 
ample 8. 

We claim: 

1. The process which comprises reaeffng under snb- 
stantially anhydrous conditions a polyalkylene ether gfytol 
having a molecular weight greater than 1000 with a 
molar excess of a compound of the formula 

0=C=N— R— N=C=0 

wherein R is hydrocarbon. 
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2. A prott'.i for making polymers which comprises re- 
ading a polyalkylene ether of a saturated aliphatic hy- 
drocarbon polyol, said polyalkylene ether having at least 
two hydroxyl groups per molecule and a molecular weight 

of at least about 500, and an organic isocyanate contain- 6 
jng only hydrocarbon radicals and NCO, 

3. The process of claim 2 wherein the said isocyanate 
is a diisocyaiialc. 

4. Tlic process of claim 2 wherein the said reaction oc- 
curs in the presence of an acidic substance. 10 

5. The process of claim 2 wherein the reaction mixture 
contains a substance capable of engendering acid under 
the reaction conditions. 

6 . The process of claim 2 wherein the reaction mixture 
contains an excess of said isocyanate over that required to 15 
react with all of said hydroxyl groups. 

7. A process for making polymers which comprises re- 

acting a polyalkylene ether glycol having a molecular 
weight of at least about 500 and an organic isocyanate 
containing only hydrocarbon radicals and NCO. 20 

8. The process of claim 7 wherein the said reaction 
occurs in the presence of an acidic substance. 

9. The process of producing polymers which comprises 
reacting a polyalkylene ether Of a saturated aliphatic hy- 
drocarbon polyol, said polyalkylene ether having at least 25 
two hydroxyl groups per molecule, and a molecular weight 

of at least about 500, and an organic isocyanate contain- 
ing at least two NCO groups, said isocyanate containing 
only hydrocarbon radicals and NCO, said isocyanate be- 
ing present in the reaction mixture in an amount larger ‘'0 
than that required for reacting with all of the hydroxyl 
groups of said ether, and reacting the resulting isocyanate- 
modified polyalkylene ether with a member selected from 
the group consisting of water and an organic compound 
containing at least two active hydrogen-containing groups 
in the molecule, said active hydrogen-containing groups 
being reactive with isocyanate groups. 

10. The process of claim 9 wherein the active hydro- 
gen-containing groups are selected from the group con- 
sisting of alcoholic hydroxyl groups, primary amino 
groups, and secondary amino groups. 

11. The process of claim 9 wherein the reaction be- 
tween the isoacyanaie and the polyalkylene ether is con- 
ducted in the presence of an acidic substance. 

12. The process of producing polymers which com- 46 
prises reacting a polyalkylene ether glycol having a mo- 
lecular weight of at least about 500, and an organic iso- 
cyanate containing at least two- NCO groups, said iso- 
cyanate containing only hydrocarbon radicals and NCO, 
said isocyanate being present in the reaction mixture in 60 
an amount larger than that required for reacting with all 

of the hydroxyl groups of said ether, and reacting the re- 
sulting isocyanate-modified polyalkylene ether glycol with 
a member selected from the group consisting of water and 
an organic compound containing at least two active hydro- 65 
gen-containing groups in the molecule, said active hydro- 
gen containing groups being reactive with isocyanate 
groups. 

13. A process for making polymers which comprises 
reacting a member selected from the group consisting of 00 
water and an organic compound containing at least two 
active hydrogen-containing groups in the moiecule, said 
active hydrogen-containing groups being reactive with 
isocyanate groups, a polyalkylene ether of a saturated 
aliphatic hydrocarbon polyol, said polyalkylene ether hav- 05 
ing at least two hydroxyl groups per molecule and a mo- 
lecular weight of at least .about 500, and an organic iso- 
cyanate containing at least two NCO groups, said iso- 
cyanate containing only hydrocarbon radicals and NCO. 

14. The proce.ss of claim 13 wherein the active hydro- 
gen-containing groups are selected from the group con- 
sisting of alcoholic hydroxyl groups, primary amino 
groups, and secondary amino groups. 

15. A process for making a cellular material which 
comprises reacting water, a polyalkylene ether of a satu- 


10 

rated aliphatic hydrocarbon polyol, said polyalkylene 
ether having at least two hydroxyl groups per molecule 
and a molecular weight of at least about 500, and an 
organic isocyanate containing at least two NCO group*, 
said isocyanate containing only hydrocarbon radicals and 
NCO, said isocyanale being present in an amount in ex- 
cess over that required to react with all of the hydroxyl 
groups of said pofyalkylunc ether. 

If). The process of claim 15 wherein the polyalkylene 
other has three hydroxyl groups per rnolcculc. 

17. The process of claim 15 wherein an acidic iub- 
stance is present in the reaction mixture. 

18. The process of claim 15 wherein an acid-engen- 
dering substance is present in the reaction mixture. 

19. A synthetic polymer prepared by a proceu Which 
comprises reacting a polyalkylene ether of a aaturoted 
aliphatic hydrocarbon polyol, said polyalkylene ether hav- 
ing at least two hydroxyl, groups per molecule and a 
molecular weight of at least ubqut 500, and an organic 
isocyanate containing only hydrocarbon radicali and 
NCO. 

20. A synthetic polymer prepared by a process which 
comprises reacting a polyalkylene ether glycol having a 
molecular weight of at least about 500, and an organic 
isocyanate containing only hydrocarbon radicals and 
NCO. 

21. A cellular polyurethane prepared by a process 
which comprises reacting water, a polyalkylene ether of 
a saturated aliphatic hydrocarbon polyol, said poly- 
alkylene ether having at least two hydroxyl groups per 
moiecule and a molecular weight of at least about 300, 
and an organic isocyanate containing at least two NCO 
groups, said isocyanate containing only hydrocarbon 
radicals and NCO, said isocyanate being present in an 
amount in excess over that required to react with all of 
the hydroxyl groups of said ployalkviene ether, 

22. A cellular polyuielhano prepared by a process 
wliich comprises rcaeting water, a polyalkylene ether of 
a sitiuralcd aliphatic hydrocarbon polyol, said polyalkyl- 
cnc ether having at least three hydroxyl groups per mole- 
cule and a moleeiilar weight of at least about 500, and an 
organic isocyanate eonlaining at least two NCO groups, 
said isocyanale containing only hydrocarbon radicals and 
NCO, said isocyanale being present in an amount in ex- 
cess over that required to react with all of the hydroxyl 
groups of said polyalkylene ether. 

23. A polymer prepared by a process which epmprises 
reacting a polyalkylene ether of a saturated aliphatic hy- 
drocarbon polyol, said polyalkylene ether having at least 
two hydroxyl groups per molecule and a molecular weight 
of at least about 500, water and an organic isocyanate 
containing at least two NCO groups, said isocyanate con- 
taining only hydrocarbon radicals and NCO. 

24. A polymer prepared by a process which comprises 
reacting a hicmtlcr selected from the group consisting of 
water and an organic compound containing at least two 
active hydrogen-containing groups in the molecule, .said 
active hydrogen-containing groups being reactive with iso- 
cyanate grpups, a polyalkylene ether of a saturated all- . 
phatic hydrocarbon polyol, said polyalkylene 'ether hav- 
ing at least two hydroxyl groups per molecule and a mo- 
lecular weight of at least about 500, and ah organic iso- 
cyanate containing at least two NCO groups, said iso- 
cyahaie containing only hydrocarbon radicals and NCO. 

25. The polymer of claim 24 wherein the active hydro- 
gen containing groups are selected from the group con- 
sisting of alcoholic hydroxyl groups, primary amino 
groups, and secondary amino groups. 

26. A polymer prepared by a process which comprues 
reacting under substantially anhydrous conditions a poly- 
alkylene ether of a saturated aliphatic bydrocarboa 
polyol, said polyalkylene ether having at least two hy- 
droxyl groups per molecule and a molecular Weight of at 
least about 500 and a molar cxce.s.s of an orfxncc iso- 
cyanate containing at least two NCO group*, uid ieo- 
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cyuute containing only hydnxarbon radicals and NCO. 

27. The process of claim 2 wherein the isocyanate is 
tolnylene diisocyanate. 

28. The process of claim 2 wherein the isocyanate is 
naphthalene- 1 ,5-diisocyanate. 
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The present invention relates to the production 
of hydroxy ethers or ether-alcohols, and more 
speciflcally to the production of ethers by the 
reaction of alkene epoxides (alkene oxides) and 
aliphatic polyhydroxy compounds. In one of its 
more specific aspects, the Invention relates to a 
process for the production of hydroxy ethers hav- 
ing high molecular weights by the reaction of 
propylene oxide or a similar alkene oxide and 
pentaerythritol or a polypentaerythrltol in the 
presence of an alkaline catalyst to produce ethers 
in which more than one alkene oxide molecule is 
reacted with each original hydi'oxyl radical of the 
pentaerythritol or polypentaerythrltol. The in- 
vention also relates, in another of its more spe- 
cific embodiments, to the novel hydroxy ethers 
thus produced. 

Hydroxy ethers have been produced heretofore 
by the reaction of alkene oxides and aliphatic hy- 
droxy compounds. The reaction may be conduct- 
ed without a catalyst (see M, Wittwer, U, S. Pat- 
ent No. 1,976,677). However, various different 
catalysts, including boric and sulfuric acids (O. 
Schmidt and E. Meyer, H, S. Patent No. 1,922,459 
and British Patent No. 317,770), alkali-metal al- 
coholates, alkali-metal salts of lower fatty acids, 
normal sulfates of polyvalent metals, dialkyl sul- 
fates, hydroslllcates, tertiary amines, pyridine, 
certain metal oxides, and stannic halides, anti- 
mony pentahalldes, aluminum halides, zinc hal- 
ides, ferric halides, and other metal halides (K, E, 
Marple, E. C. Shokal and T, W. Evans, XJ. S. Pat- 
ent No, 2,327.053) , have been sugge.sted for faclli- 
ta ting the reactions, Other specific catalysts for 
the reactions, which are disclosed in the copend- 
ing applications of Philip I. Bowman, Robert H. 
Barth and Harry Burrell, Serial No. 474,328, filed 
Fe bruary 1, 1943, which has Issued as Patent No, 
2.401,743, and Serial No. 545,888, filed July 20, 
1944, now abandoned, are acetic acid, acetic an- 
hydride. pentaerythritol dlacetate, pentaerythri- 
tol tetraacetate, benzoyl chloride and the double 
ccinpound of boron fluoride and ethyl ether. 
Wi'en the reaction of an alkene oxide and penta- 
erythritol is conducted In the ahfionce of a cat- 
alyst or in the presence of such cataly.sts as have 
heretofore been speelfled, the products are gen- 
erally (he expected hydroxy ether and varying 
proportions of polymers of the alkene oxide. 
Oenerally nut more than one alkene oxide mole- 


cule reacts with each hydroxyl radical of the 
pentaerythritol. In the case of ethylene oxide 
and pentaerythritol the reaction may be repre- 
sented as: 

OIliOH GHi 

noiiif.-i -CHiOir + . 

(''UjOlf ^GII, 

Ponlaeryihrltol Kthyloiiu OilUo 


Ponlaeryihrltol Kthyloiiu OilUo 
10 ^ CIIr-O-tJUiOHt-OH 

i;ni-o-on,oH»-oH 

I Piinl«irythrltoI hydroiy utlior 

10 When certain catalysts are used the product la a 
mixture of the expected pentaerythritol hydroxy 
ether and varying amounts of polymers of ethyl- 
ene oxide. Prom the hydroxyl content of such a 
mixture it might be concluded that more than 
20 one ethylene oxide molecule had reacted with 
each of the original hydroxyl radicals of the pen- 
taorythrltol. For example, in the case of a re- 
action in which a quantity equivalent to 3 mole- 
cules of propylene oxide was unrecovered for each 
■•15 original hydroxyl radical of the pentaerythritol, 
the hydroxy ether might be expected to be as rep- 
resented by the following schematic formula, in 
which all four of the original methylol radicals 
of the pentaerythritol have been replaced by the 
31) represented hydroxy ether radical that is attached 
to the central or nuclear pentaerythritol carbon 
atom: 

cui CHi oni 

„ -O-Cllj- 0 -OIIi-ijIf-OH 

"■* I I I I I I _J 

(The molecular weight of such a compound is ap- 
proximately 830.) However, the molecular 
weight of the mixed product is much lower than 
•ID would corre.spond to .such a compoun(l. As far 
as known, such pentaerythritol and polypenta- 
erythritol hydroxy ethers having molecular 
v/eights corrcspqnding to compounds in which 
tw'o or more alkene oxide molecules have reacted 
■ ' with each original hydr.-jxyl radical of penta- 
crythrilol or a polypentaerythrltol are not known 
and cannot be produced by processes heretofore 
known or described in the art. 

The principal object of the pvo.sent invention 
•D is to provide a process for the production of hy- 


w 


\ 
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droxy ethers having high molecular weights which 
are products of .the reaction of an alkene oxide 
and a polyhydric alcohol in which at least 2 mole- 
cules of alkene oxide are reacted with each of the 
original hydroxyl radicals of the polyhydric al- q 
cohol. It Is a furth r more specific object of the 
Invention to providf a process for the production 
of such hydroxy ethers of pentaerythrltol and 
poly pentaer y thr itols . 

A further object of the present Invention Is to lo 
provide compounds having high molecular 
weights which are reaction products of penta- 
erythrltol and polypentaerythritols and alkene 
oxides In which at least 2 molecules of alkene 
oxide are reacted with each of the original hy- jg 
droxyl radicals of the pentaerythrltol or poly- 
pen taerythrltcl. 

Other objects and advantages of the invention, 
some of which are referred to more specifically 
hereinafter, will be apparent to those skilled in oq 
the art to which the invention pertains. 

As used in this specification, the term “poly- 
pentaerythritor’ is to be understood to include 
dlpentaerythritol, tripentaerythritol and mix- 
tures thereof, such as "pleopentaerythritol" (a o-, 
mixture of dlpentaerythritol and tripentaerythri- 
tol having a melting range of 230° to 240° C. and 
a hydroxyl content of approximately 33%). 

I have discovered that propylene oxide and 
similar alkene oxides may be reacted with poly- 30 
hydrlc alcohols such as pentaerythrltol and poly- 
pentaerythritols to produce compounds corre- 
sponding to a reaction of at least 2 molecules of 
alkene oxide with each original hydroxyl radical 
of the polyhydric alcohol. In order to effect such 35 
a reaction it is necessary to use a strongly al- 
kaline-reacting catalyst such as sodium metal, 
sodium hydroxide, potassium hydroxide, sodium 
methoxide and similar compounds. Only a small 
proportion of catalyst is required. It la further- 40 
more necessary to conduct the reaction under 
substantially anhydrous reaction conditions since 
I have found that small but significant amounts 
of water favor the polymerization of the alkene 
oxide and hinder or suppress the desired reaction 43 
of the alkene oxide with the polyhydric alcohol. 
Furthermore, it is necessary to use xylene or 
another inert organic solvent which dissolves 
both the alkene oxide and the desired hydroxy 
ethers but which does not dissolve substantial go 
amounts of the pentaerythrltol or polypenta- 
erythrltol. Such inert solvent is preferably one. 
with a low vapor pressure and a low molecular 
weight. By use of such an inert solvent the re- 
action may be conducted at a lower pre.ssure. 55 
The solvent is used in substantial amounts but 
need not be used in a greater than equimolecular 
amount based on the alkene oxide. 

Hydroxy ethers of my invention and processes 
for their production are illustrated in the ex- go 
amples which follow hereinafter: 

Example 1. — Hydroxypropyl ether of dlpenta- 
erythritol (two propylene oxide per hydroxyl) 

Into a one-llter, high-pressure, rocker-type 00 
steel bomb were charged 50.8 grams (approxi- 
mately 0.2 mol) of dlpentaerythritol, 151 grams 
( approximately 2.6 mols) of proP.vlcne oxide and 
276 prams (approximately 2.6 inolsl of xylene 
The reaction mixture contained less than 0.1 ‘ 70 
water by weight. Approximately 0.3 gram of 
.sodium metal was added and the mixture was 
heated with agitation to a temperature of 175° C. 
during the course of approximately 4 hours. The 
pressure rose to 90 pounds per square inch and 76 


then gradually fOll to 40 pounds per square inch. 
Continued heating produced no further decrease 
in pressure. 

After cooling the bomb to room temperature, 
its contents were renaoved and .subjected to dis- 
tillation at reduced pressure to remove the xylene 
and unreacted propylene oxide. Distillation was 
continued until no further distillate was ob- 
tained at a residue temperature of 100° C. and at 
a pressure of 5 mm. of mercury. The residue was 
a clear, llght-brown-colored oil which weighed 
191 grams and had the following characteri.stlcs: 


Mnlt'ctjlur wolRlit . 

llvilinxyl value . .. .norcent 

Viscosity {25“ O.)-^ polws- 


Observed 


\i'S\ 

u.u 

Aft 


CulciilaU'd 


u'ln 
lu 7 


In the ‘‘caiculated’’ column hereinabove are 
entered the values for the respective cliaracter- 
istics of a compound corresponding to dlpenta- 
erythritol in which each of the six methylol 
( — CH 2 OH) radicals has been replaced by the 
radical 

— CH2-0-CH3CH(CH3) -O-CH 2 CHOH-CH 3 

The calculated values referred to hereinafter in 
the other examples were computed in a similar 
manner. 

Polymerization of propylene oxide under identical 
reaction conditions.. 

In order to determine what happens to propyl- 
ene oxide under the actual reaction condltloas 
used in the foregoing examples when pentaeryth- 
ritol or a polypentaerythrltol are not present, 
the following results are typical of repeated ex- 
periments that check each other very closely: 

A mixture of 145 grams (approximately 2.5 
mols) of propylene oxide and 288 grams (ap- 
proximately 2.5 mols) of xylene containing ap- 
proximately 0.5% by weight of water was charged 
to a 1-liter, high-pressure, rocker-type bomb. 
Approximately 0,3 gram of sodium metal was 
added and the agitated mixture was heated slow- 
ly to a temperature of 175° C. during a period of 
ai^proxlmately 4 hours. The pressuie rose to 
185 pounds per square inch and then dropped 
gradually to 100 pounds per square inch. Con- 
tinued heating produced no further reduction of 
the pressure. 

After cooling the bomb to room temperature, 
its contents were removed and subjected to dis- 
tillation at reduced pressure to remove the xy- 
lene and unreacted propylene oxide. The distilla- 
tion was continued until no further distillate wa.s 
obtained at a temperature of 100° C. (in the resi- 
due) and at a pressure of 5 mm. of mercury. The 
due was a clear, llght-brown-colored oil which 
weighed 120 grams and had the following charac- 
teristics: 

Molecular weight 522 

Hydroxyl value per cent. _ 5.1 

Viscosity (25° C.) poise.. 0.65 

In view of this result it is obvious that the prod- 
ucts of Example 1 hereinbefore and of the ex- 
amples hereinafter are not simply polymers of 
propylene oxide but are new chemical entities. 

One mol (254 g.) of dlpentaerythritol, 30 mols 
(1320 g.) of ethylene oxide and 2 grams of a 
catalyst were heated together in a steel auto- 
clave to a temperature of 176° C, The heating 
was conducted in such manner that approxi- 
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mately 5 hours were required to reach 175° C. and mately 0,2 mol) of pentaerythrltol, 114.4 grams 

the mixture was maintained thereafter at 175° C. (approximately 2,6 mols) of ethylene oxide, 376 

for a period of approximately 8 hours. The re- grams (approximately 2,6 mols) of xylene and. 

action mixture was allowed to cool and the un- 0.6 gram of sodium hydroxide was reacted and 

consumed ethylene oxide was distilled from the q treated as in Example 1. The maximum pressure 
reaction mixture. The residue was weighed and developed during the reaction was 195 pounds per 

analyzed. square inch. 

In the following table are given the weights of The product thus obtained weighed 134 grams 
the products obtained when different catalysts and was a clear, yellow-colored oil having the 
were used (in each case 2 grams of catalyst were jo following characteristics: 

used) and the hydroxyl contents and molecular 

weights of the resulting products. On the as- Observoj Caicniutcd 

sumption that all of the unrecovered ethylene 

oxide reacted with the dlpentaerythritol and not Molecular weight css m 

with itself to form polymers the theoretical mo- is nydmjyi value percent. ii.i 10,3 

lecular weight of the resulting assumed product — 

In each case was calculated and such values are Example 4. — Hydroxyhutenyl ether of dipenta- 

entered In the table for purposes of comparison. erythritol (one butadiene monoxide per hydroxyl) 

The weight of the product and the hydroxyl charge consisting of 102 grams (approxl- 

value of the product checked closely the compo- 20 mately 0.4 mol) of dlpentaerythritol, 196 grams 
sltion of the assumed product. It Is to be noted, (approximately 2.8 mols) of butadiene monoxide, 

however, that the observed molecular weights of 2 OG grams (approximately 2.8 mols) of xylene 

the products did not check the theoretical mo- and 0,3 gram of sodium metal were reacted and 


lecular weights of the assumed products. 

treated as in Example 1. The : 

maximum pressure 

No. 

Catalyst 

Weight of 
Product, In 
crams 

Hydroxyl 
Con tout (It 
Product, 
per cent hy 
wolcht 

Composition o( 
Assumed I’rod- 
iiet; Katlo of 
Dlpentiicrylhrl* 
lol to Ethyicno 
Oxide 

'rheoretlcal 
Moliieulnr 
WolRhl o( 
Assmiied 
Product 

Obncrvcd 

Molecular 

Weight of 

Actual Protl- 
uct 

1 

Boric oxide 

m 

17.6 

hO 

two 

328 

2 

Double compound or boron fliiorldo and 
ethyl ether (45% BK,). 

m 

15.1 

1:12 

782 

201 


Bcnr.oyl Chlorirti* 

1, 212 

Id 

1:18 

I.IMO 

448 

4 

Ace^lc unhydrldo 

1,442 

H 3 

1:241 

1.310 

573 


Pentaerythrltol dliiectnlc — 

l,(M0 

7.5 

1:30 

1,674 

000 


The calculated weight of hydroxy ether which 
should result from the reaction of 1 molecule of 
dlpentaerythritol and 6 molecules of ethylene 
oxide (1 ethylene oxide molecule per hydroxyl 
radical of the dlpentaerythritol) Is approximately 
518 and its hydroxyl content Is 20.0%. It is evi- 
dent that the products obtained in the foregoing 
reactions and which are listed In the table con- 
tain no substantial amounts of products corre- 
sponding to reaction products having more than 
6 molecules of ethylene oxide per molecule of dl- 
pentaerythritol and, from the average molecular 
weights of the products. It is obvious that they 
contain substantial amounts of polymers of 
ethylene oxide. 

Example 2. — Hydroxypropyl ether of dipenta- 
erythritol (Jour propylene oxide per hydroxyl) 

A charge consisting of 25.4 grams (approxi- 
mately O.l mol) of dlpentaerythritol, 145 grams 
(approximately 2.5 mols) of propylene oxide, 265 
grams (approximately 2,5 mols) of xylene and 0.3 
gram of sodium metal was reacted and treated as 
in Example 1. The maximum pressure developed 
during the reaction was 95 pounds per square 
Inch, 

The product obtained weighed 162 grams and 
was a clear, brown oil, which had the following 
characteristics: 

I OhsiTWiI CftlQIllalvd 

.Mnlivill.il wHuht. 1.S27 I.IUH 

lh.lrn\yl viiliio .. .poriviit T H 11.2 

ViM'n.siiy (25“ C' ) , . .... iHils'S 18 .. 

’ I 

Example 3. — Hydroxyethyl ether of pentaerythri- 
tol f three ethylene oxide per hydroxyl) 


developed during the reaction was 85 pounds per 
square Inch. 

The product weighed 273 grams and was a 
clear reddish-brown-colored oil having the fol- 
lowing characteristics: 

I Otisiirvixl 


‘Ij Mdluoiiliir woIbIiI l.Kllil 

Jl.Vilrnxyl viiliiii... . liiTCi'iit. 15.1 

VIswiHlly ( 2 . 1 ° 0.) polsi’.'i IIHH 

riiilliiu niimliiir Ziu 

P'rom the observed molecular weight it appears 
I**! that the product Is a trlmer of the expected ether. 

In the foregoing examples the reactions were 
conducted under substantially anhydrous condi- 
tions of reaction. As hereinabove stated, It has 
been found that the presence of water favors the 
6.) polymerization of the alkene oxide. Although 
some water may be present, the yield of the de- 
sired product may be substantially affected. 

Although xylene was the Inert liquid used In 
the foregoing examples, other Inert organic sol- 
vents which dissolve both the alkene oxide and 
the desired hydroxy ethers but which do not dis- 
solve substantial amounts of pentaerythrltol or 
polypentaerythrltols may be used. Such solvents 
are, for example, petroleum naphtha fractions, 
Uc toluene and other aromatic hydrocarbons and 
the like. The inert solvents which are preferred 
are those which have low vapor pressures and 
low molecular weights. Xylene Is a preferred sol- 
vent in this respect. The amount of solvent 
70 which is used should be sufficient to dissolve the 
alkene oxide and to provide control of the pres- 
sure to the desired extent. Normally amounts 
greater than an equlmolccular proportion based 
un the weight of the alkene oxide need not be 



A charge consisting of 27.2 grams (approxl- 75 used. 
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In effecting the reaction the alkene oxide should and the claims are to be interpreted In the light 
preferably be ixsed in considerable excess of the of these facts, that is, the claims are to be given 
stoichlometrlcal amount. In this manner some the broadest Interpretation of which they are 
control of the number of alkene oxide groups capable and compounds which are referred to 
which enter into the formation of the product 5 herein as having a presumed constitution, formu- 
may be obtained. As shown in Examples 1 and la or composition are to bo regarded as having 
2 , approximately 2 mols of alkene oxide react such other composition, constitution or formula, 
per hydroxyl group of dlpentaerythrltol when as they actually possess, 

approximately 13 mols of alkene oxide are pres- The hydroxy ethers of the present Invention 
ent for each mol of dlpentaerythrltol, whereas lo are useful as solvents and plasticizers for various 
4 mols of alkene oxide react per hydroxyl group plastic organic substances such as zeih and 
when 25 mols of alkene oxide are present for each others characterized by a plurality of C-O-C 
mol of dlpentaerythrltol. linkages, such as cellulose ethers, cellulose 

Alkaline catalysts which may be used are sodl- nitrate, cellulose acetate, polyvinyl alcohols, 
um metal, sodium hydroxide (whose uses are is polyvinyl acetals, phenol-aldehyde rosins, urea- 
illustrated in the examples), sodium methoxlde, formaldehyde resins and the like. They gen- 
potassium hydroxide, and generally alkali metals, erally possess hydrophilic properties and are 
alkali-metal oxides and alkali-metal hydroxides, useful ns emulsifying agents, wetting agents. 
The proportion of catalyst In the reaction mix- interface-modifying agents and may be used as 
tore is not critical and may be varied consider- 20 antispattering agents for oleaginous and fatty 
ably. Only a small proportion, as illustrated in materials. These hydroxy ethers may also be 

the examples, need be used. When acid catalysts used for the breaking of petroleum-water emul- 

or catalysts such as boric oxide, boric acid, boron slons. As plasticizing agents for plastic sUb- 
fluorlde, benzoyl chloride, acetic anhydride, or stances they exhibit properties similar to the 
esters such as pentaerythrltol diacetate are used, 25 hydroxy ethers disclosed in the copending appll- 
the product is apparently substantially a derive- cations of Philip I. Bowman, Robert .H. Barth 

tive in which not more than 1 alkene oxide is and Harry Burrell, Serial No. 474,328, filed Peb- 

reacted per hydroxyl group of the polyhydrlc al- ruary 1, 1943 (Patent No. 2,401,743), and Serial 
coho).. No. 545,888, filed July 20, 1944. 

Although the reaction is applied hereinabove 30 Inasmuch as the foregoing specification com- 
to the preparation of pentaerythrltol and poly- prises preferred embodiments of my invention, 
pentaerythrltol derivatives, it may be applied to it is to be understood that the invention is not 
other polyhydrlc alcohols having more than 3 limited thereto and that modlflcatloas and varl- 

hydroxyl radicals per molecule, ations may be made therein without departing 

Derivatives of alkene oxides other than ethyl- 35 substantially from the Invention, whose scope is 
ene oxide, propylene oxide and butadiene mon- to be limited solely by the appended claims, 
oxide may be prepared in similar manner, as Is I claim : 

obvious, Such additional alkene oxides which 1. A process for the production of a hydroxy 

may be used are butylene oxide, pentene oxides ether by the condensation of ethylene oxide and 

and aryl-substituted alkene oxides such as sty- 40 pentaerythrltol, which hydroxy ether is the 
rene epoxide, compound resulting from the condensation of nt 

The hydroxy ethers of the present invention least eight and not more than sixteen molecular 

are readily dehydrated to produce olefin ethers. proportions of ethylene oxide with each molec- 

Accordlngly care must be exercised to control the ular pi'oportlon of pentaerythrltol, which corn- 
reaction and prevent the temperature from ris- 45 prises heating pentaerythrltol with a stoichio- 
ing to an extent such as to effect dehydration of metrical excess of ethylene oxide reactive to 
the desired compound. It is for this reason that form said compound at a superatmaspheric 

the compounds cannot be readily separated by prc.ssure under essentially anhydrous reaction 

distillation from any alkene oxide polymers that conditions in the presence of a strongly alkaline 

may be formed in the reaction. In conducting 60 catalyst selected from the group consisting of 
the reaction, if a product that is substantially alkali metals and alkali-metal oxides and 

free from alkene oxide polymers is required, It hydroxides, and in the presence of an inert cxim- 

is desirable to observe all precautions specified mon solvent for ethylene oxide and said com- 

herein in order that difficult separations of the pound but in which pentaerythrltol is substan- 

deslred products from the alkene oxide polymers 66 tially Insoluble. 

may be avoided. , 2. A process for the production of a hydroxy 

Although, as shown in the foregoing examples ether by the condensation of propylene oxide 

and comparative results, the products of my in- and pentaerythrltol, whlcii hydroxy ether is the 

vention are apparently substantially free from compound resulting from the condensation of at 

polymers of alkene oxides and consist essentially eo least eight and not mors than sixteen mol."cular 
01 polyhydr'r alcohols In which each of the orlg- proportions of propylene oxide with each molec- 

Inal hydrojsy, radicals of the polyhydrlc alcohol ular proportion of pentaerythrltol, whicli com- 

has been replaced by a hydroxy ether radical prises heating pentaerythrltol with a stoiohio- 

containlng at least 2 alkene oxide nuclei, such imetrical excess of propylene oxide reactive to 

as the radicals — O— CHsCHs — O— CH jCH^OH, 66 form said compound at a superatmospheric 

O CHaCH(CH3)— -O — pressure under essentially anhydrous reaction 

CH2CH(CH3) — O — CH2CHOH — CH3 conditions in the presence of a strongly alkaline 

and the like. It is to be understood that catalyst selected from the group consisting of 

the Invention is not to be thus restricted. alkali metals and alkali-metal oxides and 

The products of my invention are novel and may 70 hydroxides, and in the presence of an inert eom- 
have compositions and constitutions which are mon solvent for ethylene oxide and said emn- 

(iiiite different from those referred to herein. Ac- pound but in which pentaerythrltol is aubstnn- 

coirtlngly because of the difficulty in separation. tially insoluble. 

isolation and identification of such products or 3. A process for the production of a liydroxy 
individual components thereof, the speclflcatlon V6 ether by the condensation of propylene oxide 
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Ciild dipentaerjrthrltol, which hydroxy ether is 
the compound resulting from the conden^tion 
of at least twelve and not more than twenty- 
four molecular proportions of propylene oxide 
with each molecular proportion of dipentaeryth- 
rltol, which comprises heating dipentaerythritol 
with a stoichiometrical excess of propylene oxide 
reactive to form said compound at a superatmos- 
pheric pressure under essentially anhydrous re- 
action conditions in the presence of a strongly 
alkaline catalyst selected from the group con- 
sisting of alkali metals and alkali-metal oxides 
and hydroxides, and in the presence of an inert 
common solvent for ethylene oxide and said 
compound but in which dipentaerythritol is sub- 
stantially Insoluble. 

4. A process for the production of a hydroxy 
ether by the condensation of an alkene oxide and 
a polyhydric alcohol selected from the group 
consisting of pentaerythritol and dipentaeryth- 
ritols, which hydroxy ether is the compound re- 
sulting from the condensation of at least two 
and not more than four molecular proportions 
of the alkene oxide to each molecular proportion 
of hydroxyl radical present originally in the 
polyhydric alcohol, which comprises heating the 
polyhydric alcohol at a superatmospherlc pres- 
sure under substantially anhydrous reaction 
conditions with a stoichiometrical excess of the 
alkene oxide reaction to form said compound 
dissolved in an inert solvent in which penta- 
erythritol and polypentaerythritols are substan- 
tially insoluble in the presence of a strongly 
alkaline catalyst selected from the group con- 
sisting of alkali metals and alkali-metal oxides 
and hydroxides. 

5. An ether-alcohol consisting of a condensa- 
tion product of an alkene oxide and an alcohol 
selected from the group consisting of penta- 
erythritol and polypentaerythritols in which 
each of the hydroxyl radicals originally present 
in the alcohol has been replaced by a radical 
formed by the condensation of at least two but 
not more than four alkene oxide molecules, said 
condensation being carried out in the presence 
of a solvent in which pentaerythritol and poly- 
pentaerythritols are substantially Insoluble, and 
in the presence of a strongly alkaline catalyst 
under essentially anhydrous reaction conditions. 

6. A process for the production of a hydroxy 
ether by the condensation of an alkene oxide and 
a polyhydric alcohol selected from the group 
consisting of pentaerythritol and dlpentaeryth- 


10 

rltols, which hydroxy ether is the compound re- 
sulting from the condensation of at least two 
and not more than four molecular proportions 
of the alkene oxide to each molecular proportion 
5 of hydroxyl present originally in the polyhydric 
alcohol' which comprises heating the polyhydric 
alcohol at a superatmospherlc pressure under 
substantially anliydrous reaction conditions with 
the stoichiometrical excess of the alkene oxide 
10 reactive to form said compound, said alkene 
oxide being dissolved In an inert common solvent 
for the alkene oxide and said compound but in 
v;hlch pentaerythritol is substantially Insoluble, 
and in the presence of a strongly alkaline cata- 
16 lyst. 

7. A process for the production of a hydroxy 
ether by the condensation of an alkene oxide 
and a polyhydric alcohol selected from the 
group consisting of pentaerythritol and poly- 
20 pentaerythrltols, which hydroxy ether is the 
compound resulting from the condensation of 
at least two and not more than four molecular 
proportions of the alkene oxide to each molecular 
proportion of hydroxyl present originally In the 
25 polyhydric alcohol, which comprises heating the 
polyhydric alcohol at a superatmospherlc pres- 
sure under substantially anhydrous reaction 
conditions with the stoichiometrical excess of 
alkene oxide reactive to form such compound, 
3 Q said alkene oxide being dissolved In xylene, and 
In the presence of a strongly alkaline catalyst. 

HERMAN SOKOL. 
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INDUSTRIAL APPLICATION OP THE’. DIISOCYANATES 


In order to further promote the industrial application 
of the organic diisocyanates in American industry, Mon- 
santo Chemical Company herewith makes available an Eng- 
lish translation of a very interesting and complete 
article: 


Das Di-Isocyanat-Polyadditionsverfahren (Polioir ethane) 
(THE DIISOCYANATE POLYADDITION METHOD - POLYURETHANE ) 

by Prof. Otto Bayer 
Farbenfabriken Bayer, Leverkusen 
Angewandte Chemie, 257-272 
Translated by Dr. C. E. PRETZELL 




Other literature relating to the Isocyanates available 
’ from Monsanto Chemical Co.: Technical Bulletin P-125 - 
I.ocyanates . 
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ANGEWANDTE CHEMIE 

Ausgabe A 59* Jahrgang Nr. 9* Seite 257“272. 

September 19^7 

THE DIISOCYANATE POLY-ADDITION METHOD (POLYURETHANE) 

comprehensive description of a new principle to build 
up compounds with higher molecules (1937-19^5) 

by 

Professor Dr, Otto Bayer, Parbenfabriken Bayer, Lever- 
kusen a/Rh. 

SURVEY : 

Preparation of compounds with high molecular vreight. 
Characteristics of the condensation method. 
Characteristics of the polymerization method. 
Principles of the diisocyanate poly-addition method. 

Linear polyurethane. 

Fibers and thermoplasts . 

Linear mixed polyurethanes (leather-like materials). 
Patent situation. 

Polyureas . 

Reticulated polyurethane. 

Desmophen-Desmodur lacquers. 

Table of the most used dllsocyanates (Desmodur) . 

Table of the most used polyoxy cornpoxinds (Desraophen) . 
Molding compounds. 

Foaming materials (ffeltopren) . 

Adhesives (Polystal). 

Drying oils (Urethane-linseed oil). 

Materials of caoutchouc elasticity. 

Tanning materials. 

Cellulose + Isocyanates. 




NOTE: The footnotes are inserted in paren- 
thesis in the text instead of having them 
appear at the foot of a page which is dif- 
ficult to arrange properly. 
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Diverse new fields of application. 

Bifunctional compounds on the basis of isocyanate* 

Preparation of the Initial materials . 

Diisocyanates 
Diamines and glycols. 


PREPARATION OP COMPOUNDS 
WITH HIGH MOLECULAR \^/EIGHTS. 

Synthetic high molecular compounds are made in two fun- 
damental ways, either through 

aj condensation or 
b) polymerization. 

The characteristics of the condensation method ares 

1. A large number of small molecules with at 
least two fxinctlonal groups, react v/ith each other un- 
der cleavage of a reaction participant with lovfer mol- 
ecular weight, as water, hydrochloric acid, NaCl, al- 
cohol, etc. 

2. For the formation of the macromoiecular com- 
pound , in many cases quite robust conditions are ap- 
plied to the reaction, as/ for example, high temperatures, 
condensation agents, etc. Consequently the synthetics ob- 
tained mostly represent mixtures of the most varied con- 
densation stages, even of cracking stages. 

3. For the condensation reaction, the possibility 
is remarkable and valuable to catch intermediary stages 
of the condensation and to react these to the finish un- 
der permanent molding, either as molded articles, casting 
resins, or infusible lacquer coatings. Mixed condensates 
can also be made from the most varied preliminary condens- 
ation products. 

The Thiokols, for instance, from CICH2CH2CI + Na2S4i5» 
are typical condensation products in the series of the 
two-dimensional linear high polymers, also the super- 
polyamides which are obtained with a molecular weight of 
10,000 from condensation of adipic acid and hexamethylene 
diamine. Furthermore, as examples in the group of the 
most Important three-dimensional, viz., completely reti- 
culated* plastics, the finish-hardened Bakelites, the 
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fe urea-formaldehyde resins, the glyptals, etc. may be men- 

tioned. 

The character of the • polymerization reaction Is differ- 
ent from the condensation method by: 

1. the seemingly smooth addition of a large num- 
ber (up to 5000 in a linear construction) of molecules 
of monomer compounds to each other Into the high molecu- 
lar polymerlzate, which has the same percentage composi- 
tion as the monomers; 

2. being able to practically start only from re- 
active vinyl compounds or dienes and to produce from 
these either linear or reticulated polymers which have 
all been formed through direct C-C- linkage. The poly- 
merization is an extremely sensitive reaction which 
takes place through an activated condition (radical) 

or through a shifting of an activated hydrogen from 
molecule to molecule of the monomer. Contrary to the 
condensation reaction, the polymerization proceeds in 
i« an , extremely mild way. Kinetlcally it is purely a 

chain reaction; 

3. the fact that the copolymerization of two or 
three different polymerisable compounds, v/hile render- 
ing a v/ide possibility of variations (Igellte, Buna, 
etc.) practically excludes high molecular constn.ictlon 
by means of hetero-atoms. So far, polymerization reac- 
tions through hetero-atoms were limited to several spe- 
cial cases as, for example, the polymerization of ring 
systems with a high tension (ethylene oxide, tetrahydro- 
furan, ethylene iraine and caprolactam) ; 

4. the typical property of the polymerization re- 
action to only permit the obtaining of its finished pro- 
duct and not of reactive intermediary stages as in the 
condensation reaction. It is not possible to start from 
di- or tri- or tetramers and to polymerize these further 
into highly polymerized .compounds, either v/lth each other 
or with the monomers. On the contrar'/, these intermedi- 
ary stages, if isolated, act frequently even as polymeri- 
zation poisons, as, for example, the polymerization of 
isobutylene to Oppanol. 

Although the perplexing abundance of the synthetics is 
practically produced by these tv/o fundamental reactions, 
a universal method which combines the possibilities and 
advantages of the classical processes has been lacking. 
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This method would have to offer the ability to catch 
any intermediary stage in addition reactions which 
start from any compounds of lower or higher molecular 
welf^ht v/hatsoever or from preliminary condensates or 
from Dolymerizates with bi- and poly-functional groups, 
thus building up macro-molecules V'flth the desired pro- 
oerties. This new desirable method would also have to 
be strongly exothermal, quantitative, not applying cat- 
alysts, and oroceeding at normal temperature, -.he con- 
necting link' would have to be stable, neutral and not 
hydrophilic (as ether or amino groups) . These require- 
ments seemed hard to fulfill. 

In 1937 a reaction was found in the so-called poly- 
lirethane- or diisocyanate -po-ly addition process, which 
is still under extensive investigation, vfhich has far 
surpassed all expectations.'^' 

(Footnote 1; D.R.P. 72898I, Nov. 11, 1937. Inventors; 

0. Bayer, H. Rinke, W. Slefkeni Leverkusen and L. 
Orthner u. Schild, Hoechst. The D.R.P., and the other 
foreign patents were later on limited to the addition 
of poly-functional isocyanates to OH and NH2“groups 
in ordf-r to clearly demonstrate and characterize the 
new method as poly-addition. The corresponding Ital. 
Pat. 367704, however, corresponds to the original Ger- 
man vfording'and also comprises the reaction with poly- 
carboxylic acids under cleavage of CO2, leading to 
poly-amides. Compare Chem. Zentralblatt , 19^0, I, 
2556. The statements in. "Synthetic Fibre Development 
in Germany", 1946 on p. 489 and 496 on the history of 
invention of polyraethanea are erroneous and based on a 
misunderstanding.) 

The bases of the new method are the following; Wurtz 
had already found in l848 that mono-isocyanates, for 
example, 

C2H5N=C=0 add completely on to C2H5OH, 
forming C2H5NHCOO.C2H5 


and to R.NK forming C2H5NH.CO.N 






^Rl 


This addition to the N-atom of the isocyanate group pro 
ceeds under shifting of the hydrogen atom of the hydroxy 
or amino group respectively. A. W. Hofmann confirmed in 
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l8Jl9 these observations in the aromtlc series wi.th the 
phenyl isocyanate. If these Q^iantitative and strongly 
exothermal reactions of addition were to be utilized in 
the plastics chemistry, it was necessaiv 
di- and ooly- isocyanates and to add thes^.to glycols, 
diamines', polyoxy or polyaraino compounds.-/ 

(Footnote 2: The fundamental idea was developed on 
3/26/37. On 10^0/37/ 0. Bayer called attention to 
this work at a scientific meeting for synthetics f 
the I.G. in Frankfurt. L. Orthner remarked that he 
also intended to prepare linear polymers in the same 

he an? S?hild have limited geln research 

to some preliminary experiments. In ^9^1 Lieser ana 
Makura, Liebigs Ann., Chem. 548,226, 

gabions which were based on the ^ame idea, after pub 
lication of the first fundamental patents of 0. Bayer, 
Liebigs Ann. Chem. 549>286, and Lieser, same ^5 >3 • 

These experiments did not result in any 
useful products because Lieser and Makura worked only 
with the easily decomposable diacyl diisocyanates 
0=c=N • CO ’X ’CO *11=0=0. 

(Cont. of footnote: It v;as intentional that the appli- 
cat3on of di-mustard oils was not patented becaiise they 

mSoh loss reactive, efl 

before ca. 130OC . with 1,6-hexane dl-mustard oil f 01m- 

ing COS. With diamines the dl-mustard oils react in 
HpO solution very vigorously forming colorless (reticu- 
lated) thioureas which melt under decomposition. Al- 
though these analogous sulfur compounds do not show ^5 
technical applicability, they have later ^een covered 
by patents by several parties. Dl-mustpd oils can 
easily be prepared from diamine chloro hydrates in 
water solution by reaction with 2.2 m^ C3Cx2 in ben- 
zene solution + CaC03. S=C=N(CH2) , m*-P* 3 
31°, b.-p.Q 2 = 135°C; S=C=N(CH2)6 *N-C-o, m.-p., 2 
b.-p.Q 2 = iD3°C. 1,3 phenylene-di-musbard oil, 

4-6°, b.p.i4 = l40OC. 

The simolesb formulation of the reaction of a dllsocy- 
anate v/ith a glycol demonstrates already that fhis re ^ 
action can be compared to a large degree with the norm 
al polymerization reaction: 

'''^H0*R*01U0c'^N*R*N''c0+H0 R OH'iOC N*R*N'*C0+H0‘R*03I 


2 °, 
m « “P • 


0*R*0*C0*NH*R*NH*C0*0*R*0*C0*NH*R*NH*C0*0*R*0- 
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An essential difference against the usual polymeriza- . 
tion process exists by the linkages, of. molecules not 
taking place through carbon atoms but through the 
hetero atoms 0 and N. With the enormous abundance of 
the polyoxy compounds alone, the new process is of a 
much larger applicability than the combined condensa- 
tion and polymerization processes. 

If in the simplest case glycols are applied, linear 
and fusible polyurethane are obtained. Starting, how- 
ever from tri- and higher valent alcohols of a medium 
to higher molecular weight, completely reticulated and 
infusible masses are the final result. The new method 
permits for the first time, depending on the applica- 
tion of aromatic or of short or long chained aliphatic 
components and also on the degree of reticulation, pro- 
duction of synthetics with practically any desired pro- 
perties and a completely clear chemical structure. 

In fact,' it is now possible to "constinxct" high molec- 
ular compounds, like a builder, by starting from de- 
fined polyoxy compounds of any desirable form without 
difficulties. 

The following scheme will demonstrate this fact: 


clast isc/itrAu/iou 



Pig. l-a 

Linear, elastic construction 
and 

Elastic I'eticulation 






Pig. l~b 

Very rigid reticulation 

LINEAR POLYURETHANE 
Fibers and Thermoplasts 

After the work of Carother on the super-polyamides be- 
came known, the most urgent problem v/as to create some- 
thing similar or even better which was to be Independent 
from the DuPont patent. 

The special case of addition of dlldocyanates to glycols 
and diamines was therefore the first research to be done. 
By this method linear, high molecular polyurethane and 
polinareas which could be spun were to be obtained. 3) 

(Footnote 3: The general character of the new process 
was completely obvious. The first experiment was the re- 
action of dlanlsidine dllsocyanate with a phenolic resin.) 

(Footnotes 4, 5 and 6 concern the names of co-workers.) 
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The linear polyurethane thus obtained, proved to be 
quite many-sided synthetics v;lth qualities which were 
partially superior to the qualities of super-polyamides. 

Of the large number of the linear polyurethanes which 
were made, only a few characteristic ones may be men- 
tioned. 'The technically easiest accessible and at the 
same time the most valuable polyurethane is made from 

l, 6-hexane diisocyanate + 1 , 4 -butylene glycol. 

_N=C=0 + 0H-(CH2)4*0H + 0=C=N*{CH2)6'N=C=0 + OH* (CH2)j|*0H 

+ o=c=n*{cHc>)6'N=c=o + ho ^ 

-NH*C0*0*(CR2;4*0*C0*NH*(CH2)6*NH'>C0*0*(CH2)4* 

0*C0*M (CH2)6*NH*C0*0 

The starting materials . have to be of the highest purity ' 
and must be, applied in molecular proportion in order to 
avoid breaking* of the chain, and can.be "poly-added" in 
a diluent as well as directly by mixing. (D.R.P. Ap- 
pllc. I. 70685). The formation of polyurethane proceeds 
in a strongly exothermal reaction (52 Kal. per mol. or 
208 Kal. per kg. polyurethane) and is a reaction of the 
second order. 

If one m 61 of hexane diisocyanate + one mol 1 , 4 -butylene 
glycol are heated in a monochlorobenzene solution for 
about one hour a polyurethane separates with a yield of 
ca. 98^ and a molecular weight of 8-9OOO as a fine, sandy, 
completely colorless powderT). 

(Footnote 7 ; Compounds of a lower molecular v^elght re- 
main in solution and also a compound with 16 members and 

m. -p. l64°C. 

NH*C0.0 

(CH2)6 (CHa)], 

• NH*C 0*0 (End of Footnote) 

By means of special agitators it is possible to run the 
dllsocyanate directly into the glycol vrithout a diluent. 
The temperature has to be raised to 200 '^C . in this case 
in order to obtain a homogenous fusion. In the technic- 
al operation this fusion is subsequently extruded through 
nozzles in the form of ribbons, cords, bristles or fibers. 
Contrary to the polyamides these compounds can be pro- 
cessed in open vessels because the access of air oxygen 
does not color the fused polyurethane brown. Neverthe- 
less, a small addition of anti-oxidants in the finished 
materials is advantageous. 
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t Variations in the molecular proportions of the compo- 

» nents, extension of the duration in solution, removal of 

the reaction heat from the fusion, simultaneous applica- 
tion of mono -functional, viz. chain breaking, components 
permit varying the molecular weight of the polyurethane 
in certain limits. Its K-value is normally 53-65^ cor- 
responding to an average molecular weight of about 7000- 
12,000. (10,000 appears to be the optimum for spinning). 

Polyurethanes with a molecular weight higher than 14,000, 
which were made without special care, are already slight- 
ly reticulated and therefore only moderately orientable. 

(It appears that to a low degree also two urethane groups 
from different chains with an excess of diisocyanate can 
react with each other, forming complex polyureas.) 

The standard polyurethane from 1,6-hexane diisocyanate 
1,4 butylene glycol is on the market in the form of fi- 
bers as Perlon Ijo) . (Footnote 8: Compare the excellent 
treatise by H. Stadlinger, Chemiker Zeltiing 67, 171, 

(1943) )and for plastics, as Igamld U9) (Footnote 9: Ger- 
man tradenames Nylon (6/6) Perlon=»-T and Igaraid A reap., 
polycaprolactam“-Perlon L and Igamld B resp.) 

It is surprising that the polyadlplc acld-hexamethyl di- 
araide, the polycaprolactam and the polyurethane posse 's 
an average molecular weight of 8-15,000, if produced xn 
a normal manner, which means with relatively short chains, 
from v/hich a resin rather than a thermoplast with xmusual- 
ly high qualities of resistance could be expected. These 
compounds are in fact less valuable in an unoriented state 
and acquire valuable properties only after an extensive 
parallel orientation of their chains (oriented fiber). 

Due to its milder production process Perlon U is more uni- 
form in regard to the polymerization than Nylon and poly- 
caprolactam. The distribution of the polymer homologous 
in the "fusion" and "solvent" polyurethane la considerably 
differentIO) . 

(Footnote 10: A procesd of the l.G. Hoechat, pat. appl. 

I. 68699 of 1.4l and several supplements, permits produc- 
ing polyurethane through a condensation process, for ex- 
ample, from C1.C0.0.(CH2)4-0.C0.C1 + NHa- (CH2)6'NIl2. By 
this method a very soft ''Perlon U" is obtained which is 
less uniformly polymerized and consequently possesses a 
wider thermoplastic range.) 

Perlon U has many properties in common v/lth the polyamides 
but besides that, and owing bo the peculiar urethane group- 
ing, which is neither an ester nor an amido group, it has 
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certain characteristics which create a partly valuable, 
but in many respects also an unfavorable,- effect in the 
practical application and processing of the new synthe~ 
tic . 


^ sharpest but also the lowest (m.-p. « 

183 , about the same as acetate silk) melting point of 
the three most important superpolyraers which can be 
spun which is undesirable for a number of applications. 
Its softening point (Vlcat-degree) is around 170°C. 
which is still 10 degrees higher than for the purely 
thermoplastic polycaprolactarc (softening point — '160®, 
melting point = 2120C.) . 


Thermally, the polyurethanes are not too stable. Above 
220 C. they disintegrate, especially in the presence of 
metals, partially into their components (evidently equil- 
ibriums). It is impossible, therefore, to process poly- 
urethanes with a melting point above 230°c. 


The great difference between unorlented Perl on U (spec, 
gr. 1.18) and oriented Perlon U (spec. gr. 1.21) is re- 
markable. Polyurethane has such a strong tendency to 
crystallise that special precautions have to be applied 
when Perlon U silk is stretched. 
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From this Juxtaposition it becomes evident why the ori- 
entation of the polycaprolactam chains (Perlon L) pro- 
ceeds so easily because only every second amide group 
can put its H-linkage -into operation (besides the soft- 
ening effect of the content of lower polymer homologues) . 
In the polyurethane (Perlon U) however, each H-atom finds 
its counterpart, exactly as with Nylon. The higher spec- 
ific gravity points to an especially good adaptation 
ability of the polyurethane chains into the crystal lat- 
tice, leading to the conjecture that perhaps an addition- 
al valency action between ]>CH 2 *’ 0 <(’ has something to do 
with it. 



Pig. 3. 


Polyurethane chains in an ideal orientation 
(Stuart's atom-models) 

The polyurethane molecule which can be spun has a chain 
length 25 times as great as the cut shown above. 


// 
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From these statements one could have expected the 
qualities of resistance 'of the most extensively ori- 
ented fibers from polyurethane to be higher- than the 
ones from the tv/o super-polyamides. So far, however, 
the polyurethane could be processed into' fibers with 
practically the same properties of resistance. With 
Perlon U, top values of resistance up to 8 g./den. 
were obtained in the laboratory. (Natural silk = 

3.5 g./den., commercial Nylonr— '5*3 g./den.) 



Pig.‘ 4. 

Polyurethane Chains 

Unoriented and convoluted 
and stretched bo a maximum form. 

The low tendency to absorb water of Igamid U and all the 
other polyurethanes is especially characteristic. 
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Fig. 5. 

Vlater absorption of the Igamids (ejected pieces) 

On the side of above diagram, "at 80°C." means parts of 
a lower molecular weight are dissolved out. 
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Pig. 6. 

Storing in Days 

Performance of Igamids in HCl 5^ 


Though with a rising number of CH2- groups in the ooly- 
urethane chain (at about the same , molecular weight), the 
water absorption decreases further. The resistance val- 
ues as well as the melting points decrease because the 
molecule becomes moi’c and more similar to a paraffin. 

As for electric qualities and especially in weather- 
proofness, the polyurethanes are superior to the poly- 
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amides and are also considerably more acid-proof. 



These specific properties in combination with the other 
good properties of the superpolyamides (polyurethane), 
■contribute to make the Igamld U an outstanding high . 
melting thermoplast, also in the field of plastics. 
(Footnote 11: Pabst: Kunststoffhandbuch . 7* ed. 19^2, 
p. Ill and brochurs of I.G.: "igamld U.") Its process- 
ing in die casting is already much simpler than that of 
the polyamides. It does not need a preliminary drying. 
The Igamid U made by the fusion process does not become 
brov.Ti if melted again on the air and the die casting 
moldings keep their measurements. It can also be press- 
molded. The other properties as shock-bending strength, 
tensile strength, resistance -to cold, are practically 
the same as of the polyamides. 



Igamld U 

Igamld A | 

Igamld n 

Spez. Oewicht 

1,21 

1.14 

1,15 

Fp, ca 

183'’ 

255* 

210* 


Spritzkfirper 


Brlneill-Hdrte bel 60" 




(kg/cm') 

750 

1000 

600 

Vicat-Crad 

170—180* 

220—225* 

160—180* 

Schlagblegefestlgkelt 



(cm"kg/cm') 

ca. 100 

fiber 1 00 

— 


PrcOkttrper 


nfcht orlentlerte 
Platted 

ZerrelDfestIgkclt 

(kg/cm*) 

Kltltebestandlgkclt 

, 620 
+ 8* 

— 

380 
+ 13* 

orlentlerte Platted 
ZerrelBlestIgkelt 
(kg.'cm*) 

langs 1874 


>050 

quer 1100 
langs 60 


B60 

Zerrelfidetinung (%) .... 

— 

n 


quer 81 

.... 

70 

KiltebesUndlgkelt 

—30 

— 

—30 


Table 1. 

Schlagblegefestlgkelt - shock-bending strength; Zerreiss' 
festlgkeit - tensile strength; Zerreisdehnung - extensi- 
bility to breaking point. 

In the field of fibers Perlon U is especially interest- 
ing for the manufacture of bristles. These bristles are 
considerably harder and v,flth their stiffness much less 
sensitive to moisture than Nylon (6/6 and 10/6) and the 
especially soft caprolactam bristles. The polyurethane 
is also very suitable as a substitute for horsehair. 

The stiffness of Perlon U fiber is especially suitable 
for its application in cellwool-mixed textiles. The low 
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permanent extension (extension to breaking = 9^) and 
high acid-proofness of the new material will make it 
suitable for normal application, especially for the 
technical use in the manufacture of highly stable cable 
insulations, driving belts, fishing implements, acid- 
proof filter cloth, sieves, coverings, etc. 

In the dyeing process Perlon U differs from the super- 
polyamides. Not having any basic groups it cannot be 
dyed with acid dyestuffs like the polyamides, but only 
with dyes for acetate silk and partially also with dye- 
stuffs soluble in fat. 

The polyurethanes which are produced from a uniform dl- 
isocyanate and a uniform glycol (without side chains), 
are cold soluble only in formic acid, HgSOij., cresol and 
best in phenol water (90:10) mixtures. (The vlscosime- 
tric measurements are suitably performed in m-crGsol)12) 
(Footnote 12) (The vlscosimetric constant Kaeger in 
m-cresol is 1.3^ x 10“^ according to author's measuring.) 

From ethylene glycol no' serviceable polyurethanes can 
be made because they decompose v/ith development of gas 
when melted. Upwards from 1,3-pr'Opylene glycol, all 
primary diols are suitable. 

Secondary hydroxy groups mostly produce polyurethanes 
with too low a melting point which are strongly thermo- 
plastic and thermically not stable’ enough. They are 
not suitable for the manufacture of fibers. The other 
polyurethanes with side chains are likewise not ser^ 
viceable because the latter strongly Increase the sol- 
ubility in organic solvents and decrease the strength 
qualities on account of the wider distance of the 
chains. Glycols with tertiary OH groups are also not 
suitable for the formation of polyurethane because 
■their urethanes mostly decompose at about ITO^C., 
splitting off C02« 


Translation of words in Column 4, headed "Properties", 
as shown in following Table 2; 

sehr gut fadenziehend - very easily forming 

thrbad3 

hornartig - hornlike 
sprode - brittle 
zersetzt - decomposing 

Paden elastisch abgleitend - thread gliding 

off elastic 

streckbar - extensible or stretchable. 
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Dlisocyanat 


-(CH,).- 


-(CH,), 

-(CH.), 


-(CH,), 


ft >» 

•<s>- 

-(CH,).,. 

■^K> 

I ^CH,] 

-(CHJ.-8-(Cno.- 


Olykol 


1 .4- Butjndiol 
1 ,6-Hexati(1lol 
1,10-Dekandiol 

1.4- Butandiol 

I ,.1-Propandiol 

1 .5- Pentandiol 
1 ,9-Nonnndiol 

Oil. CI[,CH,.O.CH,CH, OH 
0H-(CH,).'0-{CH,),0H 
CH,-CH-CH,CH,-CH-CH, 

cJh oh 
OH(CJI,)..<^y(CU,),OII 

OH-(CH,),'S-(CH,),OH 
OH(cH,),S- (CH,),OH 
1 .4-Butandlol 
1,3-Butandiol 
1,0-Hcxandlol 




OH 


eli 

trans 

trans 

CH.OH 


OH-CH,.<^ 

OH(ai,),-o.^>.0(cn,).0H 

l',4'Butandlol 

I 

1,5-Pcntandiol 
1 ,4.Butandlol 
1,12-DodekandloI 

1,10-Dekandlol 
1 ,4-Butandl»I 


PP, 


193* 

180* 

I71‘ 

!59* 

107* 

151* 

147* 

120* 

124* 

104' 


158* 


129—134* 

120—125* 

160* 

77—82* 

153* 

215—220* 

250—255* 

168* 

208—212* 


136—140* 

143-146* 

121—123* 

~260* 

128* 

215—219* 
126— 133* 


Eigensrhaflcn 


sehr (rut 
(adcnzlchend 


homartlR 
sehr gut fa- 
denziehettd 
gut fadenzle- 
hend, sprdde 
zersetzl sich 

schlecht (a- 
denzlrhend 
Faden ela- 
stisch ab- 
gleltend 

} sehr gut 
(aden- 
ziehend 

zersetzt stch 

sehr gut ia- 
denzlehend 

(adenbildend, 

sprdde 

gut faden- 
zlehend und 
streckbar 


Table 2. 

Properties of several linear polyurethanes 


Building benzene rings into the polyurethane oroduces 
more brittle and poorly fiber forming compounds. Ser- 
viceable fibers are obtained only after the Influence 
of the bulky nuclei is compensated by an Increase of 
CH 2 groups, such as: 


0H.{0Hg)3-<Q>-{0H2)3-0H . 

The polynre thanes from the homologous glycol series 
with application of the same diisocyanate show the same 
alternating melting points. 

The polyurethanes from glycols with an odd number of 
CH 2 groups have a lower melting point and are surpris- 
ingly much more clear like glass than the vicinal ones 
built up from even numbers of components. 
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In its physical phenomenons, as for example, in its 
extensibility up to 4.3 times its original length un- 
der orientation of the molecule chains, its permanent 
deformation under the influence of boiling- water and 
simultaneous strong tension, the Perlon U resembles 
very much the super-polyamides. 

Besides Igamid U and Perlon U respectively, the fol- 
lowing types may become of technical importance: 

The polyurethane from 1,4-buta.ne diisocyanate + 1,4- 
butylene glycol: it has the advantage of a IP^C. 
higher melting point (m.p. 194'’C.) and could be manu- 
factured cheaper if the butane diisocyanate could be 
produced absolutely pure- 



i 5 e 7 s s 10 11 11 


Fig. 7. 

Number of C -atoms in Diisocyanate 

Explanation; Melting points of polyurethanes from dl- 
isocyanates with rising chain length by application of 
butane dlol . 
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a) In unoriented . b) in oriented 

state state 

Pig. 8 

X-ray Diagram of Igamid U 


LINEAR MIXED POLYURETHANE 

The mixed polyurethane^S) (Footnote 13; names of coop-- 
erators) which can be prepared through application of a 
mixture of various glycol components and/or diisocyan- 
ate components, differ from the uniform polyurethanes 
in regard to the former's considerably better solubil- 
ity, for example, in chlorinated hydrocarbons, even in 
the cold, a lower melting point, a very vfide thermo- 
plastic range, greater softness and better compatibil- 
ity with plasticizers. They are therefore the suitable 
materials for the manufacture of fibers, foils and lea- 
ther substitutes. 

A polyurethane in which only 10 mol ^ of the butylene 
■glycol are replaced by methyl -1 ,6-hexane diol (from 
the mixture of Isomer adipic acids) is more thermoplas- 
tic and consequently easier to extrude (eject) than the 
uniform material. It will be marketed as Igamid UM. In 
general it is Immaterial which glycols are used for ad- 
dition together with the cheap 1,4-butylene glycol. As 
a leather substitute, Igamid UL has already been pro- 
duced on a technical scale from 1 mol of 1,6-hexane 
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diisocyanate + 1/2 mol of 1,4-butylene glycol 1/2 mol 
of methylhexane diol. A mixed polymerlzat;e with quite 
similar properties was built up from l/2 mol of 1,4- + 
1/2 mol 1,6 diisocyanate + 0.8 mol of l,4-.butylene gly- 
col + 0.2 mol methylhexane dlol, 

Igamid U is a very soft material, easily soluble in 
chloroform-methanol mixtures up to a K-value of about 
75. In many of its properties it is superior to Blank- 
leather. 



ULW 15 

uLw 25 

6 A I**) 

33^ 

Plasticizer 

Tensile strength Kg/cm3 

440 

340 

250 

Extension 

Tearing-out strength 

4005^ 

4005^ 

2505 ^ 

after puncture Kg/mm 
Tearing-out further 

13 

10 

10 

strength after p. 


4.0 


Kg/mm 

5.5 

4.5 

Stiffness (ra kg/cm2) + 

3.6 


4.3 

40°C. 

3.6 

+ 20®C. 

9.0 

5.9 

6.0 

0®C. 

16.9 

8.9 

9.6 

- 20*0. 

33.7 

23.0 

42.4 

Resistance to cold 




(Knock in the cold) 

-25‘'C 

-25-^-30® 

-25® 


Table 3- 

Average values for Igamid ULW 15> ULW 25 

and 6 a. 

(Footnote l4: Igamid 6 a is a mixed condensate from capro 
lactam and adipic acid-hexamethylene diamide.) 


The brands Igamid ULW 15 and 25 contain 15 and 25i^ re- 
spectively, plasticizer (mixture of bensene-sulfomethyl 
and butyl amide = Dellatol) . 


The manufacture of the mixed polyurethanes is very sim- 
ple. In a heatable kneading machine the glycol mixture 
is charged first and the diisocyanate is added until a 
highly tough melt with a K-value of about 100 is formed. 
A small addition of anti-oxidants is advantageous. 
Shortly before the final consistency is reached, it is 
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suitable to add the corresponding amounts of plastici- 
zers or fillers. The still hot, completely colorless 
mass is pulled through a calender and sold as "cinade 
skin" . 

These higher molecular UL types are doubtless already 
slightly reticulated but, in spite of this, can still 
be calendered under an increase of their strength pro- 
perties . 

The mixed poljrurethanes with K-values of 90-100, repre- 
sent the optimum for leather substitutes; their molecu- 
lar weightsare much higher than the ones of mixed poly- 
amides. Such large molecules in the polyamide series 
y can only be obtained by after-treatment with formalde- 

y hydel5) or dilsocyanates^°^ . (Footnote 15: DuPont Am. 

Pat 2,177,637 of Sept. 1938); (Footnote 16: D. R. 

Pat. 750,427, I.G.-Lu./Le of Jan. 1942). 

The polyurethane-leathers are superior to the Igamid 
6 A-leathers (not after-treated with diisocyanate) as 
far as tensile strength, softness and, above all, in- 
sensitiveness against extreme dryness and the so-called 
shortness, caused by storing in warm water, is con- 
cerned. 

The resistance against cold also of the UL types is on- 
ly about -25 to-28®Ck, which is not yet completely sat- 
isfactory for all purposes. Orientation of the leather 
material will cause a slight improvement of the resist- 
ance to cold. A disadvantage of all polyurethane and 
polyamide leathers is their low filling capacity, more 
than 10^^ filler causes a great decrease of the mechanic- 
al values. 

Valuable types can also be worked out by application of 
other glycols as, for example, thio dlglycol, 1,5-pentane 
dlol, linear polyesters from aliphatic dicarboxylic acids 
+ glycols with OH groups in end position. So far the 
most cold resisting mixed urethane, with simultaneous 
preservation of the other good properties, was obtained 
through simultaneous application of OH • (CH2 ) 4 *0 • (CH 2)4 'OH 
(from cetrahydrofurfuran) . Mixed polyurethanes contain- 
ing more than 3 components, especially^ - 

CH3 

0H*CH2-C-CH20H 

CH3 

show in many cases decided caoutchouc -elastic properties 



728a 


I 


in the temperature range of between 10“ and about 60®C. 

It can generally be stated that the more components used 
for the building up of mixed polyurethanes, the less uni- 
form their structure becomes and their strength values 
will decrease. 

A simultaneous application of aromatic and boo "rigid" 
components, as, for example 




0H.CH2-CJI2 


-o-O-- 


H3 





■0-CH2«CH20H 


5H3 


0H-CH2»CH2-0-<^^-0.CH2*CH2*0H 


0H-CH2-CH2-N-C0.C0-N-CH2‘CH2-0H 

CH 3 ins 

. 0H.(CH2)if.ljI.0C- 


CH' 



.N. (CH2)40H 
CH 3 


or of aromatic dllsocyanates causes a decrease of the re- 
sistance bo cold. 


It seems to be quite unlikely that the more brittle poly- 
urethane foils (lower shock resistance) can successfully 
compete with the excellent Lyafol-foll in the field of 
foils and films (Lyafol* calendered polycaprolactam). The 
mixed polyurethane from: 


0.8 raols hexane diisocyanate 0.5 mol 1,4 butylene 

glycol 


0.2 mols 



-(CH2)3-N=C»0 


0=0 =N 


0.5 mol methyl 1,6 
hexane diol 


represents a film forming material v^hlch is especially 
impermeable for several substances. 

It is impossible to specify in the scope of this survey 
the numerous processing and application processes of 
the pol:yaire thanes . Mention may be made only of the 
large number of difficult and new problems which 
emerged, as, for example, the preparation of poly- 
urethanes with definite K-values, stabilizing the mat- 
erial in the melt against progressing polymerization. 

\ 
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and decomposition, the difficulties in calendering, the 
production of the diisocyanates and others . 


PATENT SITUATION 

I.Q. Is completely Independent from the duPont polyamide 
patents in the field of production of polyurethanes and 
their application for foils and plastics. In coopera- 
tion with the I.Q. works, Dormagen and Wolfen processing 
methods for the application of polyurethanes to silk and 
bristles have been worked out which are independent from 
other patents . 

The patent situation In the U.S.A. was not clear up to 
the start of the war. DuPont has also worked in the 
field of dllsocyanates and since then currently taken 
out patents after this firm was notified as early as 
1938 of the I.G.'s research. IT") (Footnote IT*. DuPont Ser. 
No. 275,539 of May 1939 = German appllc. I, 68130 of 
October 1940.) After the war DuPont put diisocyanates 
on the market also.lo) (Footnote 18; See Chemical En- 
gineering News Edit. Nov. 1946, p. 3098-99-) 


POLYUREAS 

In a reaction, analogous to the polyurethanes, aliphatic, 
primary diamines with long chains v^ere converted with al- 
iphatic diisocyanates. The expected linear polyureas; 

_N=C=0+NH2 . ( CHg) 6 .NH2+0=0=N( GHg) 6 •N=C== 0 +NH 2 ( 51^2^ 0=C=1^ 

— (Cn2) •N=C=0 + NH 2 — 

— HH.CO.M(CH2)6‘NH.CO.Nn(CH2)6*roi*CO.NH(CH2)6‘Un.0O.(CH2)6-M.CO.KH— 


were not obtained, however,' but mostly only infusible aiid 
hydrophilic polymers which cannot be processed in the 
melting-spinning -process and are therefore practically 
worthless for the other applications in the plastics field. 

In the course of this work, it became evldent^9) (pootnote 
19: Nordt and Delfs, pat. appl.. 77604 - with a molecule of 
urea as a starter or one mol H20+any amount of mol. of 
mono Isocyanates, strongly ramified polyureas can be made. 
Lieser and Gehlen, Lleb, Ann. Chera. 556, 127 (1944), who 
describe the preparation of linear polyureas from the 
dla2ldes, which are converted in an Intermediary reaction 
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Into diisocyanates, have overlooked this observation) 
that the urea group as such can react wl+'h isocyanates 
under formation of biuret -like compounds, for example. 


R*NH-C0-NH*R]^ + C6H5l^-C=0-->R-N-C0-NHRi 

‘;o 


m 


C6H5 


Reacts fur- 
ther with 
isocyanates 


and that consequently from diamines or H 2 O + dlisocyan- 
ates, never the linear but always only strongly reticu- 
lated polyureas are formed. 

• I, 

MH 


(CH2)6 

is 

I 

CO 

-M.CO-KH*(CH2)6‘I®‘C50‘N(CH2)6*™*CO*I®(CH2)6*NH*CO*N(CH2)6*I?n*CO*KH- 

f • • ' . 

KH 

I 

(CH2)g^C0.M(ai2)6- , ' 

CO 

“KH*CO*I]H*(CH2)6*RH*CO.N(cn2)6*NH.CO*l'IH(CE2)6‘lffi*CO.KH.(CH2)6‘R*CO*lE- 

I 

CO 

I 

NH 

1 


^CH2)6 


KH 

I 

? 

On the other hand, from glycols with simultaneous applica- 
tion of di-secondary aliphatic diamines 20)(pootnote 20i 
I. 72830 of 7*^2. W. Lehmann, 0. Bayer, H. Rinke), for 


^3 
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example, diisopropyl 1,6-hexadlanilne or RNH* (CH 2 )n* 0 H, 
through the solvent method, thermoplastic, viz. exten- 
sively linear polyurea mixtures are obtained which is 
obviously and first of all due to sterlc reasons {wider 
distance of the polyurea chains). But also these be- 
come insoluble after a while. Prom dllsocyanates + hy- 
drazine, however, serviceable fibers are said to be ob- 
tainedSl) (Footnote 21; I. 7^534 of 3-43. M. V/ohlrapp 
(I .G.Dormagen) and later also the Phrix concern.) 


RETICULATED POLYURETHANE 
Desmophen-Desmodur Lacquers 

The linear constructed polyurethanes are practically all 
thermoplasts, which means that they can be molded and 
processed in the heat or with solvents and plasticizers 
respectively. If, however, diisocyanates are reacted 
upon compounds with more than two reactive H-atoms, such 
as glycerine, acetylcellulose, polyesters with free hy- 
droxy groups, polyvinyl alcohol, etc., trldinienslonal 
raacromolecules are formed which are insoluble in all or- 
ganic solvents as well as infusible. Their application 
for plastics is therefore very limited. (Casting resins 
workable only v/lth shaving tools.) If, therefore, these 
compounds are to be practically utilized, the addition 
of dllsocyanates bo polyoxy compounds has to be accom- 
plished in the finishing process. In the fields of lac- 
quers and molding compounds, the two components have to 
be brought to reaction either on the object to be coated 
or in molding through heat and pressure 22 ) (pootnote 
22: D.R.P. 756058 of 3.1940 = Pr. Pat. 876285 and numer- 
ous additional applications). 






/ X 


HO 


-< 


OH 

\ 


r 

• V 




PH 


OH 

VOH 

f \ 

■i 




SOW 

7 7 




(» 80,101 


Pig. 9 

Reticulation Scheme of Desmophen-Desmodur23) 
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Footnote 23? Desmophen = trade name for the polyoxy com- 
pounds. Desmodur = trade name for the dllsocyanates) . 

The reticulation scheme of Desmophen-Desmodur gives a 
very clear picture of the extraordinary extent of vari- 
ations of the new poly addition process. 

For example, an isocyanate-lacquer is prepared through 
dissolving of a suitable polyalcohol and a diisocyanate 
in a proportion of about 4:3 of the OH and isocyanate 
groups in a solvent which is free from hydroxy groups, 
eventually v/ith addition of pigments. Such a lacquer 
solution is sprayed on and either left at room tempera- 
ture' or annealed at temperatures up' to l60°C. Thus, a 
completely insoluble and' infusible lacquer coating is 
formed, the capability of resistance to chemicals, 
elasticity and hardness of which can be varied by ap- 
plication of either preponderantly aliphatic or aromat- 
ic components 24) (Footnote 24; names of cooperators). 

For this method it is, of course, self-evident, that the 
components do not react with each other prematurely and 
at ordinary temperatures because the lacquer solutions 
would otherwise gelatinize. Several slowly reacting 
diisocyanates are quite satisfactory in this respect. 
Depending on the conditions and on the starting materi- 
als, these freshly made solutions are stable for many 
hours and even days, especially if catalysts, as or- 
ganic bases, alkali, heavy metal salts, and water are 
carefully excluded. 

Further observation disclosed that compounds with ether 
groups, such as cellulose derivatives, wilD. retard the 
poly addition. Other stabilizers are Azo dyes which 
are soluble in organic solvents and certain compounds 
with an acid reaction as thioureas, cyanoacetic acid 
ester, etc. 

Of the far more than 100 diisocyanates prepared in the 
laboratory, the compounds as shoim in Table 4 are ser- 
viceable and can technically be produced. 

For determination of the equivalents the 
"isocyanate number" was introduced which 
indicates the grams of N-C.-O groups con- 
tained in 100 g. substance. This deter- 
mination is made with a 1-n-dll sobutyl- 
amlne solution in chlorobenzene; The not 
reacted amine is return titrated with HCl. 

(G. Splegelberger . ) 
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6»no<iir H 

O'C'H-CkHj-OH.C.O 


Duroojur IH ^ij 

H.C-O-dH-C'O-CHVcH-O-C-t'K'Q-CH) 
‘ ^ 6 CH, 0 k.o 


Dtiaailuf HH 


K-C-O 


CHj CHj 


‘ l' h h ‘ ° 


CH, 

9‘ 

CO 

HH 

'CHj's 

Dnwotfur t H’C‘0 

Jl-C‘0 
ftH-CH, 


DeiiTiadur 1 


(pfCH-CH, 

H'C-O 


Dnaadiif K 


0=C'H-ICKjyH-C>0 

DumeJuf O -iulfiinfiiiirlei Oejnodur H 

Dunmd'ir IZ 

j^-CO-HH-CScHj 

^O-CO-HH-Q-CHs 

K-C-O 

Dttroedur T1 


CH, 


_0 

KH 

Oh'C'O 

CHj 


CH, 


O-C-H-t^CHj-<0'H‘C'O 
CHj CHj 

Dtsinodiif DR ' 


0'C'N-<>-OH'C'0 

H'C'O 


Desmsdur H 


o-C‘H-OcOn-c-0 

H-C’O 


0 

HjC-p^llS-QCHj 

H'C'O' • H'C'O 
0 


DttindduP.T 

CHj CHj 

I^H'C’O 0=C'K,^K>C-0 
T'C-O 


Dumediif C 
Cl 

H'C’O 


Ddifnodup 15 


Ottmodup S 


H'C’O 

0'C-H-(CHjljS'ICK^jH'C-q 


Table 4. 

Sei’viceable ancJ Easy-to~prepare Diisocyanates. 

This small selection permits the most varied applica- 
tions and graduations in the order of the groups to be 

added. 

Desmodur 15 is the most reactive compound, the react- 
ivity decreasing in the following order: 15, C, l, tt, 
X, M, the most inert diisocyanate being S. 

It can generally be stated that the Isocyanate groups 
which are bound to aromatic rings are the most react- 
ive ones. The oresence of negative substituents in- 
creases the reactivity still more. Aliphatic isocyan- 
ates (on the primary C) are considerably more inert, 
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the reactivity of the isocyanate group on the secondary 
C-atom is still more limited (cyclohexyl) and the most 
inert ones (not regarding the adhering C-atom) are those 
which contain the ether or sulfide bridges In their mol- 
ecule. Consequently the reactivity of the two isocyan- 
ate groups in Desmodur A and the diisocyanate from 
hexahydrobenzidine is very different. In tolylene 2,4- 
diisocyanate also, the isocyanate group in 4-positlon 
is much more reactive than the sterlcally hindered group 
in ortho position. 

As an interpolation it may be mentioned here that all 
compounds with H-atoms, replaceable by alkali metal, 
can be added to isocyanate groups. By far the most re- 
active group -is the primary NH 2 group, so much so that 
the reaction with Isocyanate can be accomplished in 
aqueous solutions or emulsions with a practically quan- 
titative yield. The next ones in order are: HgO, alco- 
hols, carboxylic acids, the urea grouping, phenols, 
active methylene groups - in other words, beginning 
with the alcohols, all isocyanate reactions have to be 
absolutely free of water. 

Further reactive groups are: mercapto, carbon amide, 
and sulfur amide groups. Furthermore, the oximes, for- 
maldehyde and HCN are included. 

Dllsocyanates with a relatively high vapor pressure as 
H and T are physiologically very disagreeable substanc- 
es because they are tear-exclting^S) , (Footnote 25: 

See report of Industrial Hygiene Laboratory, Prof. Gross, 
1 .0. -Leverlcusen) and cause asthmatic troubles^with many 
persons, but without permanent consequences . 2°) (Foot- 
note 26 : Small amounts of NH 3 in the air destroy the 
evaporated dllsocyanates immediately) . For these rea- 
sons, the completely odorless and physiologically un- 
objectionable Desmodurs TH, IDI, TZ and TT were produced. 

The technically most important TH is made through addi- 
tion of 3 mols of tolylene diisocyanate to 1 mol of 
hexane trlol27) , (Footnote 2?: Pat. appl. I. 72821 of 
7 . 24 . 1942 ) representing a colophony -like resin 'with- 
out vapor pressure, easily soluble in acetic acjd ether. 

Polyesters with oxy groups have, proved to be especially 
valuable in the series of compounds containing oxy 
groups. The following types are on the market: 


XI 


Desmophen 1200 = polyester from 3 mol 
of adipic acid + ' 

1 mol trlol (triol = glycerin. Highly 

hexane trlol, tri- elastic 

■ methylol propane, ' ■ 

etc.) 

3 mol butylene glycol 

Desmophen 1100 = polyester from 13 mol 
of adipic acid + 

2 mol trlol 

[3 mol butylene glycol 

Desmophen 900 = polyester from 13 mol 
of adipic acid + 

4 mol trlol 

!« Desmopluen 800 = polyester from 

2.5 mol adipic acid "1 , 

0.5 mol phthalic acl^ 

4 mol triol 

Desmophen 300 = condensation product 
from 1 part Desmophen 900 + 1 part 
xylene -formaldehyde resin. 

Desmophen 200 = polyester from 

1.5 mol adipic acid , 

1.5 mol phthalic aclcy very hard 

4 mol trlol 


Table 5. 

Compilation of the Most Important Desmophens 

OH-number is between 130-125, viz. 4-10 g. OH in 100 g. sub- 
stance.' 


The Desmophens with lovr numbers produce hard coatings and 
the ones with the highest figures produce soft and par- 
tially even caoutchouc • elastic coatings. It can general- 
ly be stated that a lesser reticulation and the applica- 
tion of purely linear initial materials produces highly 
elastic and soft polyurethane, and that on the other hand, 
a stronger reticulation and/or the application of rigid, 
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essentially aromatic components, produces hard to brit- 
tle tridimensional polyurethanes. 

Of the enormous number of polyoxy compounds which can 
be cheaply produced, the following have pi'oved to be 
especially valuable: OH groups containing mixed poly- 
merizates of a lower viscosity, as for example, a 
saponified copolymerizate from vinyl chloride + 

20^ vinyl acetate of a K~value about 30j acrylic acid- 
butyl ester + vinyl chloride copolymerizate partially 
converted with NH2*CH2-CH20H ; glyptal resins; alkydols; 
riclnoleic acid-polyester; OH groups containing phenolic 
resin as the Luphens, benzyl-cellulose, Cellit; condens- 
ation products from polyester + xylene -formaldehyde res- 
ins containing much oxygen. 

The Desraophens and Desmodurs are applied in acetic ester 
solution or in mixtures with aromatic substances28) ^ a 
lacquer mixture; 

, (Footnote 28; 

40 parts Desmophen 1100 
20 parts acetic ester 
20 parts butyl acetate 
20 parts toluene 

The lacquer is dry after about 3 hours and com- 
pletely hardened after 4-5 days.) 

The addition reaction takes place on the coated object 
either at ordinary temperature or through heating up to 
150°C., the annealed lacquers generally showing somewhat 
better properties. It is an established fact that it is 
possible to thus produce lacquers with properties which 
were unknovm up to now. 

On the strength of thoroughgoing tests over several years 
they show the following advantages; 

1* Unlike the alkydol lacquers, they can be coated 
on at considerably lower temperatures, partially even at 
room temperature and can therefore be applied to heat- 
sensitive materials as paper, textiles ,* leather, wood, 
rubber articles, plastics, etc., producing a lacquer 
coating of a quality which could not be achieved so far. 

2. The possibilities of variation of their quali- 
ties,. for examplej elasticity, is such as cannot be 
reached by other lacquers. ' 


are mixed with 90 p. 
Desmodur TH in ethyl 
acetate-toluene sol- 
ution 50$^* 


9^1 
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3. They are distinguished by an unusual firmness 
of attachment on the base and by a very high lustre, 
density of pores and, therewith, impermeability for 
gases. In most cases they possess a high resistance 
to cold (-40 to -60°). Their fastness to water Is ex- 
cellent (25-505^ of the swelling of high grade lacquers) 
as is also their binding capacity for pigments, weather 
proofness and resistance to solvents and alkalies (that 
is, resistant to hot trlcresyl phosphate, chlorinated 
hydrocarbons) . 

4. Their body volume Is very high (saving of 
manipialations and solvents). 

5. . Due to the reactivity of all movable H-atoms 
in the dllsocyanate groups, -which regulate the electric 
conductivity, the diisocyanate lacquers have a high 
electric resistance (spec, resist; ‘ lO-15-io"l6 ohms 
cm) and also an extraordinary creep-current resistance, 
of great importance for the manufacture of cable lac- 
quers and electro-insulating papers . 

Disadvantages of the new lacquering process; 

1. Low stability of the finished lacquer solutions 
which have to be used in one day. 

2. The use of solvents which are free of hydroxy 
groups of which there is not much to select from, also 
the complete exclusion of water. 

3. The physiologically disagreeable effect of the 
lower molecular dllsocyanate. 

4. Difficulties in cleaning vessels, spraying 
pistols and brushes. 

5* The sometimes higher price of the new products. 

During the years 1942-44 up to 40 tons per month of Des- 
mophen-Desmodur (T) were produced. They were applied 
principally as adhesive compounds, as corrosion resist- 
ant coatings on light metals, as lacquers for vmoden 
parts exposed to the influence of the weather, for 
weather-proofing of cloths, acid-proofing of lumber, 
impregnation of armature windings, of cardboard and 
metal meshes which produce such high grade paoklrgs 
against water, alcohol, oil, boiling chlorobea::cuo , 
and even phenol. 




■ 
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Due to the unaurpassed reslafcance against Lost (pO'lson 
gas) of the Desmodur-Desniophen combinations, the' manu- 
factui’e of 100,000 protective' covers against gas from 
crope paper + Desmophen 1100 + 1200 T was ordered. 

Large possibilities for future application suggest uses 
such as coatings for ships, protection of apparatus, 
patent leather, compound glass and especially for elec- 
trotechnical purposes and finishings and dressings for 
textiles. 

Cleavage Agents for Isocyanates (Disguised Isocyanates) 29 ) 
^Footnote 29! Names of cooperators) 


The great reactivity of the isocyanate group and its de- 
oomposabillty through HgO suggested very early the prob- 
lem of theix' stabilization. It was kno;m, for instance, 
that phenylurethanes are split through heat into isocy- 
anates + phenol and that obviously an equilibrium of 
temperatures exists. It should be possible to shift 
this equilibrium in favor of the decomposition if com- 
pounds are present which render more stable addition 
products with the isocyanate group, for example, ali- 
phatic amines or alcohols, in fact, this idea could be 
realized in the most varied manner by finding addition 
groups which could be relatively easily split off (dis- 
guised isocyanates or "isocyanate splitters" )30) 


^y--0*C0*NH CH2*CHa»CH2*CH2*CHa-CH2*NH*C0f0--^^ 

mrp.l 25 *C. 
temp, of 

heating ■ cooling cleavage.,, . 

iTo-iao^s-*-) 

<QoH . O.CM.CHs.CH..CH,.CHa.CHa.CHa.HCO . hoQ 


Action of "Disguised" Dllsocyanates 

B 


(Footnote 30; The action as a splitter of a dllsooyanate 
can easily be tested. This compound is dissolved together 
with sec, cellulose acetate, spread on glass and the tem- 
perature determined at which the cellulose film has be^ 
come Insoluble.) 

(Footnote 31: 1. 64524 of May, 1939, P. Schlack (Lich- 

tenberg)). 

3 ^ 
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anates made it possible to catch, as an intermediary pro- 
duct, a carboxylic acid-carbamic acid anhydride which 
splits off CO2 v;hen heated, forming the amide 2CH3COOH + 
0CN-(CH2)6 NC0->CH3-C0*0-C0-N(GH2)6‘NHC0*0-C0-CH3 (m.p. 

H 

.67»C.)-^CH3*C0-NH(CH2)6-M*C0^CH3 + 2C02(S. Petersen). 

This reaction is, however^ quite often very complex, de- 
pending on the isocyanate used. If phenyl- and especial- 
ly p-nitrophenyl isocyanate is applied up to 70^ acid, an- 
hydrides are formed and also diphenyl ureas + COp. See 
the exhaustive work and voluminous citations in the lit- 
erature. C. Naegell and A. Tyabji, Helv. chim. Acta 17, 
931 (1934); 18, 142, 1935.) 

j This reaction can be utilized for production of new and^ 

[ highly stable 'foam- subs tances . By mixing a polyester 
\ from a dlcarboxyllc acid and a trl valent alcohol still 
\ containing free hydroxy- and also carboxylic groups 52), 
j (Footnote 52: 1. 69394 of April 1941, Hoechtlen and W. 

/ Droste; several additional applications), with a diiso- 
■\ cyar^ate in the honey-like mass, addition to the OH groups 
takes place under a strongly exothermal reaction, whereby 
at first urethane bridges are formed and subsequently 
carboxylamlde bridges through reaction with the COOH 
^groups and simultaneous cleavage of COp. 

The mass, which becomes tougher and tougher, swells up 
like a dough and hardens more and more under the pro- 
gressing en''argement and reticulation of the molecuje. 

The material, which at first can still be molded at 
100®C. hardens completely through subsequent heating 
eventually into a final shape. Thus, it is possible to 
manufacture foam compounds with very high properties of 
strength such as were not known so far, and vd.th any 
desired degree of elasticity through casting in molds. 

These foams are sold under the designation "Moltoprens" 
and consist of: 

Desmophen 9OOS - polyester from 3 mols of adipic acid 

+ 4 mols of triol 

Desmophen 1200S- polyester from 3 mols of adipic acid 

+ 3 siiols of butylene gly- 
col 

+ 1 mol of triol 

both having an acid number of about 30 and an OH number 
of 300 to 350 (ca. 10$^ OH groups). 
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. This invention relates to the preparation of new and 
valuable elastomeric sponge material and to a method for 
preparing the same from polyalkylene ether glycols and 
arylene diisocyanates. 

In general, the manufacture of elastomeric sponge ma- 
terial from elastomers of various types is produced by 
expanding the elastomeric material in an uncured state 
with various types of so-called “blowing agents" and then* 
effecting a curing or vulcaniulion of the elastomer in the 
blown condition. Two types of sponge materials arc pro- 
duced depending upon the processes involved, namely, 
thofic known as the continuous or open cell sponge, and 
the closed cell sponge. In the latter type the cells, or at 
least the majority of them, are closed, that is, not con- 
nected with one another, so that they are not water 
absorbent like the open or continuous cell sponge. 

Usually the elastomeric sponge material is blown by the 
use of inorganic blovring agents such as sodium bicar- 
various organic blowing agenfsT although 
the'intrc^uclion oflncrf gasm sucli as nitrogen or carbon 
‘**??*‘*® elastomers under high pressure has also- 

been employed to expand vulcanizable elastomeric ma- 
terials prior to vulcanization. In general, the open cell 
type sponge lacks stnictural strength and the quality of 
absorbing shock to a much greater degree than the closed 
cell types, and the purposes for which the two types are 
used are generally quite different In the use of inorganic 
blowing agents the salu employed, which are electrolytes, 
are retained to some extent in the sponge material, and 
an the use of the or^mic blowing agents, which have 
found particular use in the production of closed cell 
sponge, the organic residues are likewise reUined In the 
resulting products. ^0 

In my co-pending application Serial No. 237,660 filed 
July 19, 1951 (of whi^ the present application is a con- 
tinuation-in-part), now abandoned, a new type of elas- 
tomeric material is described which is produced by the 
reaction of high molecular weight polyalkylene ether go 
glycols with arylene diisocyanates. 

It is an object of the present invention to produce elas- 
tomeric sponge material from the new polyalkylene ether 
glycol-arylene diisocyanate reaction products by a process 
which requires no additional blowing agent. It is a fur- gg 
ther object of the invention to produce closed cel! elas- 
tomeric sponge material which is resilient and tough and 
which can be cast or formed into articles of varying 
shape, and to produce articles having a closed cell struc- 
ture which have a high degree of flame resistance and 60 
which are both freeze resistant and heat resistant, giving 
them utility over a wide range of temperatures. 

I have found that, in the production of the elastomeric 
materials more particularly described in my co-pending 
anilication Serial No. 237,660, now abandoned. In which 60 
a polyalkylene ether glycol such os the polyethyleoe ether 
glycol and the polypropylene ether glycol, which hu a 
molecular weight of from 730 to 6000, is reacted with 
an arykne diisocyanate and a somewhat larger amount 
of water is added in the oomptetioa of the reaction than 
that called for la the fonnalloe of Ifae polymen them- 


2 

selves, closed cell sponge-like material can be produced, 
the expansion being due to the carbon dioxide generated 
in the final stages of the reaction. These sponge materials, 
which arc of a substantially closed cell structure, are much 
softer than the rigid pl.istic foams that are usually pro- 
duced from polystyrene, and have a high resistance to 
swelling by aliphatic hydrocarbons and are relatively in- 
soluble in all of the common organic solvents. They are, 
however, swollen by certain of the aromatic solvenU such 
as the aromatic hydrocarbons and chlorinated aromatic 
hydrocarbons. The final sponge material varies in color 
from white to pale yellow-brown, most of the types of 
polymers, as described in my co-pending application, re- 
sulting in a sponge which is cream colored. This sponge 
material is resilient, tough, and has high shock absorbent 
qualities. 

In the preparation of the sponge material the reaction 
products of the polyalkylene ether glycol and the arylene 
diisocyanate of the types generally described in my co- 
pending application Serial No. 237,660, now abandoned, 
are produced by stirring the molten polyalkylene ether 
glycol and the arylene diisocyanate at about 73* C. until 
the reaction is substantially complete, as indicated by no 
further increase in viscosity, and then approximately 300 
parts of water per 100 parts of the reaction mass are 
added, the water being at a temperature of from about 
0° to 40° C. Under these conditions the carbon dioxide 
that is formed is trapped inside of the elastomer, forming 
the closed cell sponge structure. To avoid the formation 
of a tough, irregular surface the product should be dried 
at relatively low temperatures, that is, at ordinary room 
temperatures of from about 20° to 40* C. The rate' of 
drying can be accelerated by reducing the pressure. 

The procedure above outlined differs from that em- 
ployed in the preparation of the elastomer itself in which 
only from 10 to 50 parts of water per 100 parts of reaction 
mass are employed and the reaction is carried out under 
milling conditions under which the carbon dioxide is 
liberated from the mass, with the resultant production of 
a hard, rubbery mass or clump, 

As illustrated in the following examples, polyalkylene 
ether glycols of a molecular weight of from 730 to 6000 
appear to be suitable for the preparation of these new. 
rubber-like products. When using the polyethylene ether 
glycol, which is considered as having the general foniiula: ■ 
HO — (CxH40)n — CaH40H; ihe preferred products of the 
present invention are obtained from those having a molec- 
ular weight of from 4000 to 6000. When using the 
polypropylene ether glycol which is considered as having 
the general formula: HO— (CsHiO).— CiHtOH, the 
preferred compounds of the present invention are made 
from those having a molecular weight of from 750 to 
1200. To produce the rubbery, plastic-like products of 
this invention in which the polyethylene ether glycol is 
employed, the amount of the arylene diisocyanate em- 
ployed will vary depending upon the particular dilsocy- 
anate, but it has been found that in general, to produce 
rubber-like ihatcrials of this invention the weight ratio of 
the diisocyanate to the polyethylene ether glycol will be 
between 0.23:1 and 0.33:1 provided the molar ratio is 
between 7.5:1 and 12.0:1. V^en using the polypropylene 
ether glycol, the preferred products of this invention are 
prepared using a weight ratio of diisocyanate to the poly- 
propylene ether glycol of from 0.3 : 1 and 1:1 provided 
the moiar ratio Is between 1.3:1 and 4.3:1, 

Any of a wide variety of the arylene diisocyanates 
may be employed in place of those specifically used to 
illustrate the invention in the following examples, the 
common examples of this class being; 2,4-to|ylqne diiso- 
cyanate; meta • phenyiene diisocyanate; 4 - ^oro - 1,3- 
phenylene diisccyanate; metbylene-bis-(4-pheoyl tioejm- 
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nale); and 1,5-napbthyleDe diisocyaoate. Althouah not ic 

cntical (o (he operability of this reaction, it is often . Example 6 

helpful in preparing uniform blown elastomeric sponges Followmg the procedure of Example 3, a sponge is 

to thin the glycol-isocyanate reaction mixture with a prepared in a spherical flask to produce a resilient nib- 

^all amount of a selected solvent such as acetone or a *^7 

dioxane_lo_permit uniform distribution of~(he interme- illustrated in the above examples, where the cold 

diate in the water added subsequently. This tolvent must ' water maintained at approximately 0* to approxi- 

l« miscible with (he intermediate and with the water and ujalely 40* C. is added to (he polymerization mass, 

mould not be reactive toward the isocyanate groups in the rate of the feactibn by which Cross links are formed 

the intermediate, jq and (he carbon dioxide is involved is controlled so that 

The following examples are given to illustrate the carbqn diqxide in this case is trapped inside of the 

invention. The parts used arc by weight, elastomer, forming the closed cell sponge structure. 

It has been found on testing the reaction mass as the 
Example I water is added that it is slighUy acid so that the evolu- 

To 120 parts of polyethylene ether glycol of approxi- 16 carbon dioxide takes place in a very dilute 

mateiy molecular weight 4000 at approximately 70* C. V*®*?!!* *®*“**®®- I® carrying out the process 

are added slowly with agitation 40 parts of 2,4-tolylenc “®ove deKribed and illustrated in the examples, the 

diisocyanate. The reaction mass is stirred at 70* C. for stnount of • water used can be varied, for it has been 

4 hours, A red-brown, sticky, viscous liquid is obtained. ‘® , water per 100 parts of 

When cooled to room temperature (his intermediate is 20 lo 600 parts of water per 100 parts of rcac- 

• pale yellow-brown wax. mass, results in a product having the sponge-like 

When 50 nnri* ttf «h,‘> ■ properties as distininiished from the 


When 50 parts of this intermediate are dissolved in 
150 parts of water at about 35* C„ within 1 minute 
foaming and frothing of (he solution occurs, leading 
rapidly to the formation of a spongy mass. 

Example 2 

Example I is repeated, wth the reaction to form the 


probities as distinguished from the mass or clump for* 
mallon produced in copending application Serial No, 
237.660, now abandoned. 

This Invention provides the madufactuie of tough, 
elastomeric sponges which have many uses. They may 
be cast in molds of any desired shape to give sheets, 
r^s, tubes, spheres or other shaped articles, or articles 
of the desired shape may be cut from the blocks of sponge 


intermediate carried out under a dry nitrogen blanket *®pe «n»y be cut from the blocks of sponge 

to maintain anhydrous conditions. This intermediate is W formed. 

stored in a desiccator prior to reaction with water to -it sriicles of this invention maintain 

give a pale, yellow-brown sponge u described in Ex- very low temperaturea, such as —20* C, In 

ample 1. 1“®*. temperatures as low as -70* C. these producU 

Repeating this example and using m-phenylene dliso^ ^ exhibit umt degree of resilience and can be flexed . 
emste or methylene-bi8.(4.pltenyl iaoq'anate) instead •» without breaking. 

of 2,4-tolyleiM diisocyanat^ produces blown elastomeric < u* "™*®*** *hese sponges, combined with thdr 
sponges having similar properties. makes them useful for shock absorption in a 

Likewise, similar qionges are produced by substitutins variety of applications, and, because the cells are 

polyethylene ether glycol of molecular weight 6000 or fi®* Iheso sponges afford greater insula- 

^lw»ropyleiie ether glycol of molecular weight^ of «» **7“ ** ®**" •yP*' 

12M for the polyethylene ether glycol of molecular I claim: 

weight 4000. I* An elutomeric sponge material obtained by leact- 

Example 3 *9*1.*® P®*!* weight of water with 100 

Trt I « a « "X wcigHt of thc rcActioD product of % polyilkylcoe 

**** intermediate of Example 2, Is added • ether glycol having a molecular weidit of from 750 to 
^cient acrtone o form a viscous solution. To this 46 6000 and a molar excess of m ai^cw dUao^.te 

toSV C. Froth- 2. An elastomeric ^nge m.tSL o2&bJ .iact. 

ng of the milky su^nsion occuts almost immediately Ing from 100 to 600 parU by weight of water srith 100 

a cream-rolored, resi ient, tough spdnge is obtained. parU by weight of the re^n product ofTSv^vlSJ 

TOfa^sponge IS more uniform than (hat of Examples I ^r glycol having a molecular‘s weight of a^^ffioto 

If,— ~00»®‘i*moi«i’exce88ofanarylenediiiocyanatoofthe 
Example 4 benzene aeries. 

Following the procedure of Example 2, 300 parts 'of > An elastomeric sponge material obtained by teact- 

th^e same polyethylene ether glycol reacU with 150 parts ms from 100 to 600 parts by weight of water with 100 

of the same diisocyanate for 2 hours at 70* C. After rt P®™ weight df the reaction product of a polypropylene 
CTOling to.room temperature in a desiccator this material trJSf **!!!,“* •>®vlng a molecular weight of from 750 to 

changes to a very viscous, semi-solid. _ “ ™>I»? excess of an aiylene diisocyanate of 

To 25 parts of the intermediate of (his example is «be benzcTC scries. 

added enough acetone to form a viscous solution when , ®*®**0'ncnc sponge material obtained by reacting 

wrmed on a steam bath. This solution is removed from «. jPProflmxWy 300 parts by weight of water with 100 parta 
the bath and 75 parts of water at 25* C. is added, and ” wel^t of the reaction product of a polyethylene ether 
the milky suiqiension is stirred vigorously. Foamina “vj"fl • molecular wclglit of about 4000 and 2.4- 

occurs prompUy to produce a realieni. whii*-rr..J! tolylene diisocyanate. 


Example 4 

Following (he procedure of Example 2, 300 parts of 
th^e same polyethylene ether glycol reacts with 150 parts 
of the same diisocyanate for 2 hours at 70* C. After 


the milky suiqiension is stirred vigorously. Foaming 
occurs pi^pUy to produce a rea'iient, white<ream- • 
colored elastomeric sponge which is more uniform in 
lextim than the products of Examples I and 2, but less 
resilgenf and rubbery than the sponge of Example 3, ^ 


Refsnacea died in the llle of this patent 
UNITED states PATENTS ‘ 


. Example 3 

To 30 parts of the intermediate of Example 2 Is added 
sufSaent acetone to make a viscous solution. To this 70 
■oluhon is added 45 parts of water at room tempera- 
tiw. A sponge is promptly formed. This sponge when 
in vacuo at room temperature docs not retain its 
wigl^ shipe as wdl as the sponge of Example 3 dried 
in a similar manner. «- 


Hanford et al June 2, 1942 

2 E***’®*^ Nov. 28. 1950 

5L'"°" ** H®®- 4, 1951 

70 **®y 20, 1952 

•0 2,602.783 Simon et al. July 8, 1952 

2,621,166 Schmidt et al. 9, 1952 

6ther references 

- . .Pf,®*** "OmxM® Plastfca Practice,'* pages 463-4 

76 (1946). 
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'AL ENGINEERIN^^^ INDUSTRY 

Jo$eph 4, O’Connor, Nmu, Editor 

Among fibers with wooMike characteristics that 
■e recently been introduced arc Union Carbide’s 
nel, Du Pout’s Orion, and Terylene, made ^ 
aerial Chcmioil Industries, Ltd, ^ 

I « lion Im III ihe •irnniii 

LION-Impcrial Chemical Industries, 
.’ with 12 operating divisions and close to 100,000 
kers m the United Kingdom, is the lion of Britain's 
miwl mduftiy. And npw it wants to get into the 
\ to manufacture its dyestuffs and other synthetic 
inies here and also to acquire a ready-made market- 

wnMon V BfiUsh-made products. 

HUNGRY FOR DOLLARS-Ever since the 
ish pound sterling was devalued last September tlie 
line ICI has been hungry for dollars. Devalua- 
^ made ICI pnees more competitive and dollar 
wfin to stockholders. 

^ U- S. BARRIER-So ICI has 

ered ibelf for a leap it has wanted to take for a long 
1 . Just Wore the British election, ICI offered to 
a controlling interest in Arnold, Hoffman & Co., 
of ProWdence, R. I This 135-year old firm, with 
ts at Charlotte, N. C., Cincinnati, Ohio, and 
■ton, Mass., turns out dyestuffs, plasticizers, print- 
gums, sulphonated oils, synthetic resins and'^wet- 
a^gents. Equally significant for ICI, it’s an active 
ibutor of chemicals. It is thus that ICI hopes to 
the U. S. tariff barrier. ^ 

ICI proposes to pay $55 a share for a minimum 

andirig 93,000 shares of Arnold, Hoffman common. 
nUy offered in New York at $20 a share, the 

: has a par value of $ 10 . 

To finance the deal, ICI will borrow up to 
million from Manhattan’s Guaranty 'Trust Co. 

. loan wll be repaid out of Arnold, Hoffman 
ngs. Hence there is no drain on Britain’s scarce 

Besides handling dyestuffs and other products, 
lo, Hoffinan is to employ ICI manufacturing 
sses, getting patents and know-how in return for 
:es. 

sLUDING HUNTERS— Of some in the U. S., 

-I lion, wise in the ways of the niiti-trmt jungle, 

■ (Goiifinued) 



743a 



mores double bond, jsist n sinf'Ic one 
betiyeesi tile nitrogen mid tlio enrbon. 
It con Inippen nt eecli end of tlie 
diisocy'anntc,’' 

He thumbs through a fat organic 
book, finds a reference. "Tlie Germans 
used thcsc'reactions. Tlicy turned to 
the polyurctlmnes wlien they were 
looking for materials like nylon!” 

Had VasilciF himself hit upon these 
polynretinme plastics as the potting 
compounds the Signal Corps needed 
to encase its transformers? ‘rhe flood 
of organic chemistry is dammed. He 
pauses and beams. "It was Carr. Carr 
IS one of my boys. lie should be along 
soon,’’ 

Presently he is. Boyd H. Carr, Jr„ 
who was born in a town that chemical 
enterprise helped to build. Midland, 
Mich,, is a young research assistant 
working in Vasilcit's group. All told. 
Director Rahrr! has five research 
groups at work in the laboratories. 

niSCOVERY 


Skull pnetiee in Princeton’s Plastics Laboratories finds Boyd H. Carr, Jr., heeding 
Nstclio Vasilefi as he tuns through reaction that produces new resins they developed. 


Princeton Introduces Novel Polyurethanes 
Made From Castor Oil and Diisocyanate 


(I5Ja^ From the Plastics Labo- 
ratories at Princeton University has 
come a new series of polyurethane 
plastics with many promising applica- 
tions, chief of which so Tar is as 
potting compounds for ttansfomicrs. 
Not only the Armed Forces, which 
S|)onsorcd the research, but also cer- 
tain manufacturers of electrical equip- 
ment arc interested jn the potting 
compounds. 

Varying from e.’ttremely hard to 
soil rubbery materials, these plastics 
Cshibit good elastomeric, electrical and 
pliyu'cal properties. Tlicy arc good 
shock dampeners. Made by reacting 
castor oil vvitli diisocyanates, these 
easily prepared plastics appear to be. 

In general, cross-linked products. They 
can be handled by easting methods. 

Birthplace of these polyurethanes is 
the Plastics Laboratories at Princeton, 
a hotbed of research ideas, where 
gtaduale students, not a few of them 
mature and serious veterans who arc 
seroing in nn carc^lly chosen tarjets 
'or their life work, arc taking ad- ■ 
santage of a uni(|uc course in plastics 
engineering. Director of the labora- 
lotics is Louis F. Rahm, a genial, 

. coiinmmicative nnm who likes to cin- 
. phasiac thc free access to inforinntion 
Ipund in the ac-.idumic atmosphere. 
Obviously, he’s proud of this latest 


achievcinent of two of his associates, 
research group leader Natcho Vasilcif 
and one of his bright young men. 

FLOOD OK ORGANIC 

No sooner docs Vasilcif get you 
seated across from him at his desk in 
a little office at the tear of the labora- 
tory tlian he reaches for a pencil, 
starts drawing structural formulas 
rapidly on the back of an envelope. 

“Diisocyanates react with com- 
pounds containing poly-reactive hydro- 
gens, comi>ounds like diamines or 
glycols," he explains. "The double 
bond between the nitrogen and the 
carbon in the isocyanate group is tlic 
reactive point. There's nn isocyanate 
group at each end of the diisocymnate, 
of course," He speaks with nn accent, 
Natcho Vasilcif left his native Bulgaria 
in 1923 to come to the United States. 
During World War II, he worked in 
the U, S. Signal Corps Inborntorics at 
Fort Monm'nntli, N. 

"Take the reaction of a diisocyanatc 
with an alcohol,” he .says. ’More 
slructnml formulas cover tlie back of 
the cnvc1o|>c. When he looks up. his 
brown cyc.s shine c.xcitcdly. "The 
active hydrogen from the alcohol 
huuks oiitn the nitrugen in the isnevn- 
iiatc group, so. And the test of the 
alcohol attaches to the catbop. No 


It turns out that Carr had been 
lodking for a binder that could be 
loaded with TiO, to yield a non-brittle, 
high-K, low-loss product. Polyiire- 
thanes seemed likely materials.' To 
make one tliat would'be mote resilient ■ 
> and rubber-like, he had reacted castor 
oil with a diisocyanatc. Tlie resulting 
proiluct, being resilient, tough, more 
or teSs thermeset and somewhat elas- 
tomeric, ns well as easy to prepare and 
approximately neutral in pH, looked 
mighty interesting to Carr, Por despite 
his bow-ticd-nnd-pckoled campus cas- 
ualness, Boyd Carr, with his sharp 
brown eves, was quick to realize that 
this might be the potting compound 
Princeton was hunting for the Signal 
Corps. He did not discard the stuff, 
Instead, the investigation, guided by 
Vasilcif and Rahm, took a new tack. 

now TtlEY’RE MADE 

Vasilcif resumes his explanation. 
"What we do is react castor oil with 
a diisocyanatc. Castor oil is b.asically 
a trihydroxy alcohol, and it forms cross 
linkages with diisocyanates. Tlie cross 
linkages make the plastic material 
tlicrmbscttiiig, Actually, castor oil con- 
sists of about SO percent of the triric- 
inolcie ester of glycerine. But for onr 
purposes we. assume it to be 100 per- 
cent triiicinolein givcciidc with a 
moicciilar weight of '9j2, The reactive 
points in it .are at the —OH group on 
the twelfth carbon ntoni of each ester 
group. We react this castor oil willi’ 
TDI. Tliat’s lolylcnc tliisocy.lnale. tlie 
meta eompniniil. with a molcenlar 
weight of 17-1. We get it from Mon- 
santo, How imieh castor oil and TDI 
(Continued) 
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tk«I Tttrbtfio Pumpt mort 90 Dd ft«iur*f 
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fo L«yn«'( tifraordlMrily Ont dei!Qn(n 9 , pr«* 
eliion m«ftuf«ctiiring and dtfinikly luptrter* 
!ntl«IUf>o'4 fflcfhodt. FuHtttfinor* iKtr* it a 
dttiiA;> 4d««nf«g« in owning woler producing 
•gulpmo** SuiU by an organhniion lhat is 
«lw«y« r*/,d'f and in a ^tilion to provlda 
•fficianl rnpalrand maintonanca larvlea whan 
•~and if naadad. Hundrads of larga wafar 
utari of all kinds hava found Loynt aqulpmanf 
to ba fhoroughly dapondabla undar avary 
condition. 

If yoo ara In naad of mora watar or went 
to consider tho installation of a syitam of 
your own, the Layno organiialion Is ready to 
offer aipariancad oiploratory larvIca. sound 
anginacring advica and daoandabla construe* 
tien plans. You Incur no oWigallon In asking 
for this aid. For such sorvico. catalogi, bulla* 
■tins, cte.» address 

LAYNE & bowler; INC. 
ciiCRAi brritu, uiiifhii i> tin. 
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New Products, cont. . . 

do wc use? TItc proportions S.'C varied. 

But wc use from 75 to SO percent by 
weight of castor oil and 25 to 20 per- 
cent of TDI. 

"The reaction is exothermic, f 
not vigorous. Temperature and pres- 
sure? ^e polymerization will go at 
room temperature. It takes place at 
atmospheric pressure. But under re- 
ducitd pressure it’s easier to get rid of 
any CO„ Tlie CO. comes from tlie 
reaction of impurities like water or 
free acid in the castor oil with the 
diisocyanate. As a catalyst, we’ve used 
about 1 percent by wclglit of Minne- 
sota Mining's Sylon RD 602. ’I'hat’s 
di-tertiary butoxy diainino silane. It’s 
a diamine, so it reacts with TDI. And 
it speeds up the cure." 

In the wake of the initial research 
after Carr’s discoveiy came many other 
experiments designed to explore pos- 
sible stmctural modifications. Resins 
were made from castor oil, TDI and 
other glycols. In addition, castor oil 
itself svas varied through partial esteri- 
fication and used in forming some 
polyurethane resins. Improved physi- 
cal and electrical properties were 
achieved by modifying castor oil-TDI 
resins with hexamcthylcne glycol, 
glycerine and especially Z-etliyT hex- 
anediol-l,J. 


‘J • 


d 




PBOPERTIES 

Best low-loss properties are- pos- 
sessed by the ais^or oil-TDI resin 
modified with hexamcthy[1cne glycol. 

It is liard, brittle and fairly thermo- 
plastic. The resin with the lowest loss 
qualities in combination with good 
physical properties is one made from 
castor oil, ’TDI and 2-cthyI hexane- 
diol-1,5. It has good electrical and 
mechanical properties. It has good 
chemical resistance, withstanding caus- 
tic and mineral acids, together with 
fair solvent resistance, good heat re- 
sistance and a neiittai pH action. Tiy (I66a) 
shrinkage on gelling is negligible, and neoprene, 
it has fairly good qualities at low tem- 
peratures. — 

Best potting compound of those 
tested was the castor oil-TDI resin 
modified with Z-ethyl hcxanediol-1,3. 

Five transformers encased in it came 
through the tests required by Army 


Tniuformer potted in resin. 

After seven weeks in an oven at HO 
deg. C. one of these diisocyanate- 
castor oil resins modified with a little 
octylene glycol showed no change in 
electrical ' properties. It har^ned 
somewhat, hosvever, and darkened 
slightly. Normally, these resins are 
clear and yellowish. They look and 
feel rubbery, but they do not 
bounce. Despite their high compres- 
sive strength, these plastics absorb 
shock. They have been used to pro- 
tect thermometers. ’Tliin -heels will 
dampen vibrations and noises. When 
they ore cast, they take the shape 
svanted and set up quickly, with little 
shrinkage. They stick to materials 
like cloth and leather. 

The foregoing materials were pro- 
duced in the co'itsc of contract re- 
search at Princeton sponsored by the 
Army, Navy and Air p’otce. — Plastics 
Laboratories, Princeton University, 30 
Cfiarleton St., Princeton, N. /. 

MILI^TZSTZS! 


IVcoprcno Adtlltlvo 

A new type of Du Pont 
especially developed for 
treating paper, increases the strength 
ind chemical resistance of the finished 
paper. The process for adding it to 
the pulp has been mill-tested. 

Both the neoprene and process for 
its addition were developed in the 
Deepwater Point, N.)., laboratories of 


Navy Specification JAN-T-27 succeii«-— Du Pont. Five of tlie company’s rob- 


fully. ’Tlic potted transformers passed 
the 5-cycIc test with little effect on 
clcctric.il properties. No internal shear- 
ing was loutid, and the beakers coiK 
taming the rcyn-oicnscd transformers 
were not broken by tlicnniil action. 
After the 5 cj'cles, the potted trans- 
foriiicis were imiiictscd in satiir.rtcd 
!.ilt water .at room tciiiix-ratiitc for 66 
hr. with little effect on iiisiil.itioii 
resistance. 

“ - 


her researchers, R.H. Walsh, II.SI. 
Abernathy. W.VV. Pofkman, f.R. Gal- 
lop and E.P. Harisfield, reported 
EeSils about both dewclopiucnts at the 
recent Nevv York meethig of the Tech- 
nical Association of the Pulp & Paper 
Iruhistry. 

^ practical process has been dwcl- 
oped for adding neoprene to paix-r at 
tlic beater. It'has iindcrgniic various 
|Cniiliiniect) 
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,<• \:-f^,Kzabeth the Secorjd by tb.c Gulcc; or God of iha United Kingdom of 
■jat Bniain and Norlhern Ireland and of Jderol-jer flcAuvn andTcrrilorics Queen, Head of the 
nnionwealth, Defender of the Faith: To all to wiiom thdae presents shall come greeting; 

IEREAS "onci.^irco Chor-.icni Co;p"jnny, :■ cox'^-orr.tlcn oiyyini.^ed unlor tho lavYs ot' ■'yia 

Unitad t>tn.o03 of iuT.erioT., of I7OO South Rooond Stroot, G:lty of iit. ’bouis, 
;;vto of llicoourij United St.vboo ■.I'f Ar.erica 


I 


riinnftor referred to as the said applicants) have prayed that a pialent may he granted unto tlicm for the sole use and 
aniage of an invention for Froduotio.'. of contlonsnta on polyno"s 


la?- 1 


;D whereas tiie said applicants (hereinafter together with tlieir successors, and assigns., or any of litem referred 
(S ;:;o patentees) have declared tiia: tiiere is no lawful ground of objection to the gram of a patent unto them : 

'P WHEREAS the complete .specification has particularly described tiie invention : 

;D whereas \S'e, being willing to encourage all inventions whici! may hs for the pulfiic good, are graciously 
a.sed to condescend to liieir requesi : 

:OW YE, THEREFORE, tla: We, of our e.spccial grace, certain Itjiowkdge, and mere motion do by thc.se presents, 
I's, our iieirs and .succe.-’sors, give and grant unto the .said patcnicos our especial licence, uill power, soK' ririvilejjc, ..nd. 
iiority, that t!ic said patcn.tees by theinselvos, tlic-ir agents, or licctisces, and no others, may siil)icct to tiie conditions and 
vi.'^ion.i prescribed by any .statute 01 oiaier for the time being in foice at all times liercufter during the term of years heudn 
ptionuci, m.ake, use, eneivise and vend llie said invention within cur United Kingdom of CJreat Jirit.'iin and Xonii'?:n 
lat..;;, and the Isle of Man, and ti'.at die said patcarce.s shall have and enjoy the whoie profit an:l adv,anlt,gc from t';i.“ to 
le accruing by rc;;.'un of the .said invention during tlie term of .sixteen years from die date hereunder written of t'nw; 
cats : AMD to die c."d that the .vaid ]'atontco.s may have and enjoy the sole use. end exercise and the foil benefit of da.’ 
i”.v.:ntion, ■ We do by ti.e.se preseims for Us, our heirs and successors, strictly coniniand all our subjects whatsoever svith'n 
United Kingdom of C?re.u Britain and N'ortiieni Ii eland, and tiie Isle of Man, diat they do not at any time during die 
itir.uancc of tlie said term eiriicr directly or inciircctly make use of or put in practice tiie said invention, nor in anv'vi.m 
iiatc- the same, witliout the consent, licence or .■'grceniciit of the said patciitrc.s in writing under their hands and se.ala, on 
in of incurring sucii penalties as may be jusiiy iiiilicted on such o-j'enders for their contempt of iliis our Royal coiiiiii.an'J, 
d of being answerable to tlie patcnti-es according to law for their damages thereby occasioned : 


•lOVIDED ALWAYS that these letters patent shall be revocable on any of the grounds from time to time by law 
escribed as grounds for revoking letters patent gr.amcd by Us, and the same may be revoked and made void accordingly ; 

iiOVIDED ALSO tliat nothing iicivin contained sli.dl prevent the granting of liconco.s in such manner and for such 




considerations a.s tiicy may by law bo granted : AXD lastly, We do by these prc.seiits 
for Us, our heirs arid successors, grant unto tlie said patentees that tlic.se our letters 
patent shall be coiisirurd in tlie mo.st beneficial sense for the ad'/antage of the raid patentees. 

IN WITS' ESS whereof We h.ave raiuscd these our letters to be made patent 
as of the .'t.ixt’i day of An/nir.U 


*> one tlioiiiaiul nine hundred and fi 


and to he scaled. 




CtmptrtUfr-'jtr.'TAl \'j y.fUr,!;, 

l'kug,n:, end .t.'nL. 


JEST m Biimit 
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. , . AMHNDED SPECIFICATION 

-.v: .•.'.Vm.Ia! In .ii.-v:ni\iancc wicli tlic Decision of thp Siipcrintcndinp; Examiner 

.lie'cnmi'irnller Ceiionir Juicd ihc twcmycigluh day of October 1963, under 
.Ncvii'in I ‘I ni 0*0 Patents Act, 19*19. 
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PATENT SPECSFlCATtON 

NO DRAWINGS . TQS.'J'SO 

\ Data of Application and fillns Complete Specification: Aug. 6, 1954. 

% No. 22904154. ' . 

jl jj Application made In United States of America on Aug, 7, 1953, . 

^ j) Complete Specification Published; April 23, 1958. , 
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. lalcx at acccnlatK-e:— Cks.s 2(5), R32C(4:9:10:11:12:13)'. R32(D1:D6:EG:G1:G2: 

R33C(4:9:10:11:12:13), R33P. . 

nfornational Clttsstficatiou: — COSg. 

j . COMPLETE SPECIFICATION ■ ■ 

i • • Production of Condensation Polymers 

. I Wo, Mo.n’S.W’TO Ciin.MiCAr. Co-MPANY, a bubble.s in the final piasTici.scd urethane or 
i corporarion orctanisod under the Daws of the thiourctliai.c conden.satimi polymer. 


State of Delaware, United .Slates of America, 
of 1700 South Second Street, City of St. 


The invention also provides a process for 
the production of a plasticised urethane or 


I 5 Louis, State of Missouri, United .States of thiourcihanc condensation polymer foam tvhich 

i America, do hereby declare the invention, for comprises reacting an excess of an organic 

I, which we pray that a patent may he granted polyisocyanatc or polyisoihiocyanatc with an 

I 'to us, and rlie method by which it is to be organic polyhydroxy or polymercapto cont- 

! performed, to he particularly described in and pound in the presence of a non-re.taive 

• by the following statement: — organic compound so as to form a solid or 

1. This invention relates to the production of viscous liquid . solution in the non-reaciivc 
; condensation polymers from substances con- organic compound of a relatively stable sub- 

: tainir.” a plurality of isocyanate or isothio- stantially bubble-free initial conden5ai('jn 


taining a plurality 
cyanate groups. 


stantially bubble-free initial condensaiion 
product containing at least one ureihanc or 


15 According to the present invention there is thiourcthane group and also at least one free 
provided a process for the production of a isocyanate or isotiiiocyanate group and ihcrc- 

substamially bubble-free plasticised urethane after treating the .said solution with a com- 
er thiourcthane condensation polymer which pound capable of yielding in aqueous, solution 

• comprisc.s re.accing an excess of an organic ionisablc hydroxyl or substituted hydroxyl 

20 polyisocyanatc or polyi.sothiocyanaic wmh an groups or a preairsnr thereof to fonn said 

organic polyhydroxy or polymercapto com- condensation polymer foam, said non-rcactivc 

.. pound in the pioicncc of a non-rcactivc organic compound having a boiling point of 

orgaiiic compound so as to form a solid or at least 200“C. at atmospheric pressure and 

' Viscous liquid solution in the non-rcactivc Itcing soluble in the initial condensation pro- 

23 organic compound of a relatively stable initial duct and the condensation polymer. 

condensation produce containing at least one As illustrative examples of suitable poly- 

^ urethane or ihioureihanc group and also at hydroxy compounds for u,sc in llie production 

least one free isneyanatc or isothiocyanatc of condensation polymers containing urethane 

group and thereafter’ heating the said solution groups, there may be mentioned glycols such 

30 in vlie sub.srantial absence of moisture or other ns ethylene glycol, propylene glycol, butylene 

added reactive material to forna said conden- glycol-2,3, butylene glycol-i,3, 2-methyl 

sation polymer, said non-rcactive compound peniancdioI-2,'t, 2-ethylhcxancdiol-l,3, hexa- 

havi.ng a boiling point' of at least 200°C. at .methylene glycol, .styrene glycol, N-phcnyl- 

atm.''.ip!ier:c pressure and being soluldc in the dimhanolaminc. cniccluil, ivsorcinol, 2,2-bis- 

35 iiiiii.d cor.den.-.aiion product and the conden- (•l-hvdrnxyphenol''propanc, p.p‘ - riihydroxy 

sation piilyirer. diphenyl, tlec.imeihylcne glycol : polyi’.lycols 

Ily siihst.'.r.ti.il absence of moisture is meant (ether glycols) such polyethylene glycols, 

insui'iclenr w.uer to be of any practical .signifi- ciicihylenc glycol, iriethylcnc glycol, tetm- 

caiuv reg.irds ilu: furm.uion of foam or ethylene glycol, polyethylene glycols having 

[Pilcc •h. <ld.] 
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average molccrilar weights of 200, *100 and 
600; polyprc.'vli-'iic glycols, dipropylcno glycol, 
tripropylcne glycol, polypropylcite glycols 
having average molecular weights of ■100, 750, 

5 1200 and 2000; carbowaxes 1000, 1000 \V, 

■ 1500; monocihers of irihyd.nxy compounds 

such as glyccryl-T-allyl ether, glyccryl--/- 
•. phenyl ether, glyccryl-j-isopropyl ether; 
hydroxy esters such as an ester prepared from 
, ’ 10 1 mol of dibasic acid and 2 mols of a glycol 

or polyglycol, a polyester prepared so that 
the molar ratio of glycol or polyglyco! to the 
dibasic acid is between 2 and 1, an ester pre- 
. . , pared from 1 mol of a dimer acid and 2 mols 
•. 15 of a glycol or . polyglycol, an ester prepared 
from a hydfotty acid and a glycol or poly- 
■: . glycol so that the molar ratio of the glycol 

• • or polygljxrol to the hydroxy acid is between 
0.5 and 1 and an ester prepared from 1 mol 
20 ■ of a trihydro.xy compound and 1 mol of a 
monobasic acid, such as the monoglyceridc of 
cleostcaric acid; trihydroxy compounds such 
as glycerine, triethanolamine, pjTog'allul and 
phloroglucinol ; alkylenc oxide condensates pf 
25 glycerine, triethanolamine, pyrogallol and 
phloroglucinol; monoethers of tetrahydroxy 
■ compounds; esters prepared from hydroxy 
acid and a trihydroxy compound so that the 
• ■ ■ molar ratio of the jailer to the former is 

' 30 betwccft 0.33 and 1, such as glycerine tri- 
ridnolcate, esters prepared from 1 mol of a 
, • ; ■ . mmiobasic acid and i mol of a rcirt.aliydroxy 

compound; tetrahydroxy compounds sucli as 
pcntacrychritol, alkylenc oxide condcns.atcs of 
35 pcniacrytliritol, esters prepared from 1 mol 
of a dib.asic acid and 2 mols of a trihydro.vy 
compound; pentahydroxy compounds, such as 
arabitol and xylitol; liexaliydrnxy compounds 
• . such as sorbitol, dulciiol and mannitc'l. 

40 Examples of polymercapio comptninds which 
may be reacted \viih polyisocyanaics to form 
thiouretbane condensation polymers arc di- 
' mctcaptoethanc, 1,2,3 - rrimcrcaptopropanc, 
1,2,3 - trimcrcaptobutanc, 1.5 - dimercapto- 
45 3 _ mcrcaptomeihylpcmanc, 1,6 - dimcrcapto- 

bcxane, 1,10 1 dimcrcapiodccanc, _ 1,6- 
dimercapto _ 3 - methylliexanc, 1,4 - dimer- 
captobcir/.cnc, dimercaptoxylylcnc, dimer- 
' captnrcEorcinol and polyvinyl mercaptan. 

50 Examples of polyisocyan.ates and polyiso- 
, • 'thiocyanates wltich mav be employed in the 
production of condensation polymers contain- 
ing urethane nr ihiourcthanc jpoiips are polv- 
mcthylenc di-isccy.anates and di-isotliio- 
55 cyanates, such as ethylene di-isoevanate, tri- 
niethylenc di-isocyanate, letrametbylcnc di- 
isocyanalc and pcntnmethylcnc dt-isocyanate; 
Rivl’ th' corresponding tli-isothiocvanntcs; 
alkvkme dl-isnivanates .and di-isoiliiocyanalcs, 
60- such a.s propylei'c-1.2-di-iMnv:mate, buiviene- 
'l.2-di-isocyaiv'te, bmylenc-I,.i-di-isocy.>nate. 
buivIcnc-2J di*i'iocv.'iiatc and bntYlcne-1,3- 
di-isoihiocvan ite; 'alltvlklenc di-istK-yanaics 
and di-isoiliiocyan.ucs. «tn.h .as cihylulcne di- 
65 ' isocyanate bxityleno di - isocyanate and 


cihylidCnc di-isotmocyanaic; m, 

isocvanites gnd di-isothiocyanates, such as 
cvclopcnivlcnc - 1,3 . di - isocyanate, cycle- 
hexylene : 1 ,2 - di - isocyanate, CTCiohcxyknc- 
1,3 - di - isocyanate, cyclohcxylenc - 1,4 - at- / 
i^ocvanatc, and cyclohcxylenc ,2 - di - iso- 
thioevanate; cycloalkylidcnc di--isocyanatcs and 
di-isoihiocyanaics, such as; cyclopcntyltdcne c.i- 
isoevnnate cyclohexviitlenc di - isocy.an.ate _ 
and' cyclohcxylidenc diisothioq-anatc; _ arem- • 
aiic di - isocyanates and di - isoihio- 
cj-anates, such ns meta - phenylcnc cliiso- 
evanate, para - phenylcnc di - isocytmatc, 1 
mcihvl - 2,4 - phcnvlcnc di-isocyan.atc, naph- 
’ihylcnc-l,4-di-isocyanatc, diphcnylcnc - 4.4-- ' 

di-isocvanaic and para-plicnvlcnc di-isoin;o- 
cyanaic; aliphatic-aromatic di-isocyanatet or 
di-is('tlu"ocyanatcs. such as_ xylylcne-l,4-di- 
' is'ccyanatc, xylylcnc-l,3-di-jsocyanatc, . 

diphenylencmcthanc di - isocyanate, 4,4 
diphenylcnapropanc di-isocyatiatc and xylylenc- 
1,4-di-isothiocyanatc. 

The urethane condensation poh-mcr.s con- 
taining urethane and/or ihiourcthanc groups ^ 
arc prepared by reacting an organic compound 
of the general formula : R(KC\)i, with an 
organic polyhydroxy and/or polymercapto 
compound in the proportions providing a r.auo 
of — NCX groups to active hvdrogcn atoms 
which is greater than 1 : 1 and is desirably at 
least 1.1:1. The ratio may be n:l \vhere n 
is the number of isocyanate or isothiocyanatc 
groups in the molecule of die polyisocyanate 
or polyisothio-eyanatc. Preferably these 
reactants arc employed in the proportions 
providing a ratio of — XCX groups to active 
hydrogen atoms of from 1.5:1 m njl and 
more preferably 'at least .2:1. 1 no iniiial pro- 
ducts obtained bv this reaction arc cone’ensa- 
lion products which contain urethane and/c' 
ihiourcthanc groups and also free isocya:'..a.c 
and/or isotliiocyanatc groups. _ ^ 

The condensation polymers are rclativciv 
brittle resins and, in accordance with this 
invcmlon they arc plasticised and rendered 110 
more flexible by effecting tbeir preparation ;.n 
the presence of a non-rcactivc org.anic maienal 
which is soluble in the condcnsttiien prociua 
produced and which boils at a iom:>er;Uure not 
lower than 200°C., and prcfcmbly not lower llo 
than 250^C., at atmospheric pressure. This 
yields a solid or a viscous liquid solution of the 
condensation product which is st.able for a con- 
siderable period of time if stored at room tern- • 
perauirc in tightly closed cont.ainera. ITowever, 120 
when heated in the matmer herein described, 
the sohuinn is converted into a complex 
resinbus polymer plasticised by ihc.above- 
meniioitcti plasticiser. . 

.•\s .illustrative examples of non-rc.aciivc 12a 
orj’.u'ic linuids and M'lids which arc solulue 
in ill'.' eoiulens.'iiii'u products aiid ni.iy tised 
in d’c praciice of tlii'. iiivcniiun, tnere^ mav 
be meniiuiv'd tiielilorobeiv/one. cbloriiv.itc,: 
diplienyl, chluriiiatcd 1..1.3 - irimctlr/l - 1- •■aO 
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phcnylindanc, clilorinatcd 1.3.3.6-leiTamf:tliyl- 
](-1'-nictliyl:ihcnyl)inda!ic, diincthnN-y tctra- 
ctliylcnc glycol, diciliyl phthalaie, dibutyl 
pinhalaic, diamyl phtlialatc, hmyl bon/.oyl 
5 benzoate, butyl phihalyl butyl glycolatc, N'- 
cthyl-para-toliiimc sulplionamidc, .. diphenyl 
ortlio-diphenyl phosphate, tricresyl phosphate, 
2'Cthylhcxyl diphenyl phosphate, dibutyl 
sebacatc, dibcnzyl scbacate, partially hydro- 
10 genated liquid aromatic hydrocarbon miKturcs 
such as those disclosed in U.S. I’ntenc 
• ' Specification No. 2,364,719, expoxidized 

safllowcr oil and petroleum and coal tar oils 
which boil above 2()0'’C., and preferably above 
15 250°C., at atmospheric pressure. In fact, any 
organic liquid or solid boiling above 200°C. 
which is soluble in the above descrilxtd con- 
densation products containing urethane group*' 
and the final condensation polymer may be 
20 employed in the practice of the present inven- 
tion. 

The plasticised condensation polymers pro-' 
• duced in accordance with the present inven- 
tion cannot be produced by first forming the 
25 polymerised or cured organic compound con- 
taining a urethane or thiourethanc group and 
then incorporating the cured product with the 
• ■ plasticiser. ' 

The curing of the solid or viscous liquid 
' solution of tile above-mentioned condensation 
product admixed with plasticiser is effected by 
hcitting, in the substantial absence of moisture 
or other added reactive materials containing 
reactive hydrogen atoms, and with or without 
35 a catalyst.’ -Tliis heating is suflicient to effect 
a reaction between at least one urethane or 
thiouretbane group and an isocyanate and/or 
an isothiocynnatc group of the same or another 
molecule containing both typ-es ol functional 
40 groups. 

Tlie curing operation is carried out in the 
. absence or presence of a catalyst and at tem- 
peratures varying from room temperature up 
to about 225°C., preferably from 60°C. to 
43 2Q0"C. and most, preferably from iOO”C. to 
125°C. . ■ 

■ 'ITie plasticised, polymers obtained wry 
. . from soft resinous gels to hard brittle resins, 
depending upon the amount atu-l type of com- 
30 ponents used in their production. 

,In the production of plasticised products in 
. accordance with thi.s invention, the liquid or 
<i,olid plasticiser ir- desirably employed in an 
amount varying from 20'’.', to 80% by weight, 
35 basis total weight, and within tlicse limits 40% 
to 60% by weight is preferred. If desired, 
larger or smaller amounts mav be employed 
in order to cflcct tlie desired degree of 
plasticisaiion. • 

00 The polymers produced in accordance with 
the prc.sent invemion may be in .the form of 
bubble-free rcsinm's cvmipo.sitii'iis or liigbly 
cellular lesiiiuiis foams, the diameter of tlie 
pro'.luets being tlepetuleiu upon tlie tonilitions 
05 of manufaciuic. 


For example, if a substantially bubble-free 
resin is desired, licating the conclctisation 
prcduct containing at. least one urethane and/ 
or ihiourethanc group and an isocyanate and/or 
an isothiocyanaie group and the non-reaciivc 70 
organic materials soluble therein is carried out 
in ihe absence of a catalyst. On the otiier 
liancl, i( a cellular product is desired, 
curing of the unfoamed initial condensation 
product is ciTcacd in the presence of a catalyst 75 
wliicli in aqueous solution yields ioni.sablc 
hydroxyl or suhsiiiutcii iiydroxyl groups or a 
precursor of such a oompound. These catalysts 
arc disclosed and tlicir use claimed in our co- 
pending application No. 773,897: the cata- 80 
lysts wliich may be used comprise an oxide, 
hydroxide or alcoholatc of an alkali fnetal or 
a quaternary ammonium base. 

Tlie following examples illustrate the inven- 
tion and the manner in which it m.ay be °5 
performed. 

Mwiufaclure of Suhst/^itially BubbJc-F.’^n 
Gels and Resins 

Exa.mplh I 

11.1 parts of triethanolamine (1 mol) was 
reacted with 3H,9 parts of mcta-tolylenc diiso- 
cyanarc (3 mols) in the presence of 50 parts 
of chlorinated diphenyl containing 427.‘i 
chlorine. The resulting mixture consisted of 
a white solid suspended in a yellow liquid. 95 
Tliis liquid was separated and heated in an 
oven at a temperature, of lOO'^C. for 12 hours 
and a hard, clear resin was obtained. 

A sample of this resin was held in a Bunsen 
flame and it burned with a shtukey fiame 1^0 
without melting but was cxtingiiislicd as sooti 
as it was removed. , . 

liXAMl’U; II 

55.5 parts of trieibannlaminc (1 mol) and 
250 parts of chlorinated diphenyl containing 105 
‘12% chlorine were mixed thoroughly in a 
flask and then 194.5 parts of rtctarohdcnc 
diisocyanate (3 mols) was added with stirring. 
During this addition, the rc.action temperature 
was maintained at a value not exceeding 50^C. 1 10 
This resulted in the production of a slurry 
of a solid .'•'atorial which was separated from 
the liquid by filtering. A sample of the liquid 
reaction product was placed in nn ovcn al 
100*’C. and, after 18 hours the liquid solidi- 115 
fied. The solubility of this solid product in 
various liquids wa’s determined and it vyas 
found that the resin did not dissolve in boiling 
solveivis such as water, methanol, acetone, 
licxanc, benzene, carbon tciracliloride and 120 
ethyl acetate. 

ExAMi’t-i; JIT 

A slurry containing parts of dicihano!- 
amine fl tuol) imd' 250 parns of chlorin.atcd 
diplienvl cnntainin.g 42",'', cbiorinc was reacted 125 
with 194.5 pans of mcia-tolyl 'no dli.socyanate 
10 form a liquid pri'ditct comainin.!; a rela- 
tively snwll pioponion of si'lid material whicii 
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was separated by filtering. 'ITie liqilki product 
was then heated in an oven at 100°C. until 
it solidified imp a hard, clear resin, 

_ Ii.\A.Mft.n IV 

38.9 pans of nieta-tolylcne diisocy.inatc (3 
niols) and 11.1 p.ans of trieihanolaminc (1 
mol) were reacted together in the jircsencc of 
50 parts of nuclear chlorinated isopropyl- 
diphenyl containing -1?.% of chlorine, The 
*0 reaction product consisted of a liquid con- 
taining a relatively .small proportion of solids 
which were removed by filtration. The liquid 
• portion of the reaction product was heated 
• in an oven at lOO'^C. for a period of 24 hours 
and a soft, yellow resinous gel was obtained. 

Ex.amplk V ' 

•11.1 Pans of triethanolamine (1 mol) and 
38.9 parts of mcia-colylenc diisocy'anatc (3 
mols) were reacted together in tiic presence 
20 of 50 parts of the following: ' 


Sample No. 1 Chlorinated diphcnvl 

containing 21;% chlorine 
, Sample. No. 2 Chlorinated diphenyl 

containing 32'% chlorine 
25 Sample No. 3 Chlorinated diphenyl 

. ^ containing 42% chlorine 

. ; >' Sample No. 4 Chlorinated, diphenyl 

■ containing 48% chlorine 

• Sample No. 5 Chlorinated diphenyl 

, containing 54%, chlorine 

■ Sample No. fi Ciilorinnted diphenyl 

containing 60%, chlorine 

: . • . Sample No. 7 Chlorinated naplithalcnc 

Cn heating to a temperature of 100°C. for 
,35 a period of 20 hours, .Sample Nos. 1 — 5 and 
7 foimcd dear, amber resins whereas Sample 
No. 6 produced a sticky, opaque resin. 

ExA.Mi'j.n VI 

•• ■‘‘5.5 Parts of triethanolamine fl mol) and 

40 194.5 p.trts of mcta-tolylenc diis'ocyanale (3 
mol.s) were reacted tojtethcr in tlic presence 
of 250 parts of chlorinated diphenyl contain- 
, • ing 42% chlorine. This reaction was carried 

_ out at roorn temperature using chlorinated 
diphenyl which had been previously saturated 
, . with hydrogen dvioride gas. T'his Vcsullcd in 
•, the production of a liquid containing a rela- 
tively small proportion of solids whid) were 
removed by filtration. A sample of this liquid 
product was heated at a temDeraturc of 100°C. 
for 3.25 hours to form a thick gel and for a 
total of 4.25 hours to form a very Itard and 
brittle resin which was suhstaniiallv free from 
bubbles. . 

55 T-XA.Mff.i; Vir 

8.3 Parts of trieili.molamine fl mol) and 
41.7 p.iits of p.p' - (lii.soi van.uodiolieiiv!- 
metliane ('t mols) were re.ttied toaeiher in 
tile presence of M) parts of dihuiniiieil 
f'O diplienvl rom.iining 4.'’ . chlorine, 'fiie 


resulting reaction product was .placed in a 
ICO'^C. oven and he.aled for about 5 hours. 

This resulted in. the producfio.n of a hard, 
clear, yello'.v rc.sin .similar to that obtained, 
with mcta-tolylenc diisocyanatc. 65 

ExAMPi.n VIII 

_ U.l Parts of triethanolamine (1 mol) was 
fli.ssolvcd in 50 parts of molten dipl’.cnyl and 
to the resulting solution 38.9 pans of'mcta- • 
tolyicne diisocyanate (3 mols) was added. The 70 
product obtained as a result of die ensuing 
reaction was heated for 24 hours at lOO'^C. 
and a hard, dear, light yellow resin was ob- 
tained. 

Example IX ’ ■ 75 

10.3 Parts of 'castor oil was reacted with 4.1 
parts of mcta-tolylenc diisocyanatc in the 
presence of chlorinated diphenyl containing 
4.2%. chlorine, the reaction taking piacc at 
rooni tcmpcranirc. The product of this 80 
rc.action was a clear, viscous licuid wh.ich, on 
heating for 40 hours at 125=C., yielded a 
flexible, bubble-free resin. ^ , 

EXAAtl'LE X ' ■ 

Mcta-tolylenc diisocyanatc and the con- 85 
dcnsaic of 6.6 mols of pro.oylcne oxide with 
1 mol of glycerine were reacted- together In 
a molar ratio of 3 mols of the diisocj’ar.ate 
to 1 tnol of the condensate, the reaction taking 
place in jhe presence of a sufficient amount 90 
of chlorinated dipIicnvI containing 42''f, 
chlorinc to yield a 50% solution of adduct. 

On Iiontin^ for 2.25 hours at HO^C., a sample 
of this soliiiion yielded a tough, rubbery and 
resinous gel. . 95 

* Example XI 

Mcta-tolylcne diisocyanatc containing 0.23 % 
of hydrolysablc chlorine was reacted with the ' 
following ^ alkyicnc oxide condensates of ■ 
glycerine in a molar ratio of 3 mols of the ICO 
isocyanate to 1 mol of the condensate, the 
reaction taking place in the presence of 
suflidcnt amount of chlorinated diphcnvl con- 
taining 42% chlorine to yield a 50% solution 
of the adduct. ‘ jqj 

Condensate of 3.1 mols of propylene oxide 
with 1 mol of glycerine 
Condcn.satc of 13.2 mols of propylene oxide 
with 1 mol of glycerine 

Condensate of 12, mols of ethylene oxide 110 
with 1 mol of glycerine 
Condcn.satc of 3 mols of ctliylcnc oxide 
witli 1 mol of glycerine 

The jirodiicis of thc.se rc.ictipns were all 
clear, viscou.s liquids except the solution of 115 
adduct prc]iared fn'm 3.1 mols of propvicne 
oxide with ! mol of glycerine, which was a 
r o'idv, viscous hquitl. On being i’c.eteci to 
15C'C. for 3 hours, 4.75 hoots. 7.5 hours 
aiui 4.75 hotirs, respect iv.'lv. these re.eciion 120 
proJii.js formed -e!!; uhidt. o-, contimted 
.le.itiu;’, for u ii'tal of .23 liocr-, at th.e same 
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t;;;;;;;;..™. soi„iion. 

rcbir.h ihiii dccrcuhL-d in 11 cmoiiii> , i .„„,.£4 for 23 Knnrs at 125”C., >icUica 

creabin- molecular weiglu ol j'’‘= subnaniially bubblc-ficc producta wlurh varied 

used in the preparation of the adduct. 'Jiih decreasing amounts of solvent from a 

soft jelly to a lough, flexible resin. 


Adduct 

I 

Adduct of 3 mols of mcta-tolylenc diiso- 
cyanatc with 1 mol of the condensate ot 
13.2 mols of propylene oxide with 1 mol 
of glycerine 


By Weight 
of Adduct 


■ % Ky Weight of 
Chlorinated Diphenyl 
Containing ‘12% 
Chlorine 


F,XAMi*l.E XIII 

Solutions of the following compositions, 
when heated for 23 hours at 125 C., produced 


Adduct 

Adduct of 3 mols of mcta-tolylcnc diiso- 
cyanatc with 1 mol of the condensate oi 
3 . 1 mols of propylene oxide with 1 mol 
of glycerine 


substaniiahy bubble-free, brittle ^sins which 15 
increased in hardness as the amount of solvent 
was decreased. • _ ■ • 


By Weight 
of Adduct 


% By Weight of 
Chlorinated Diphenyl 
Containing 427o 
Chlorjnc 


Example XIV ' 

* . II a solution of the resulting odducis. in 

Substantially 3 mols "^X‘'1onlmsa Ln ihc remaining eases, namely, 7-9,, inclusive, 
cyanatc was rcacicd with the cond . condensation product was mixed with 

product of 13.2. mols 0 propylene 0^ anmi.nis J! the melted chloriuaic^ 

l.mo} of glyronne d lodn^d cmtpouud and then reacted with the meta- 

cieni amount of me following . cm^’rin.uv.>.i 

eompounds numbered 1 — 6, inclusive, to y e v 5 - 



1 

r 
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Physical Appearance of Adduct 

1. 

Unrefined chlorinated diphenyl containing -isyo by 
weight of chlorine • 

Dark liquid 

1 

2. 

Chlorinated diphenyl containing 21% chlorine 

Clear, viscous liquid , 

. 3. 

Chlorinated diphenyl containing 32')(, chlorine 

S> »> ” 1 ' • ' 

. • * ' t 

, *.4. 

Refined clilorinatcd diphenyl containing 48% 
chlorine 

. ' • M . ■*> _ * . ' 

5.' 

Refined chlorinated diphenyl containing 54% 
chlorine 

• f . > • » 

• * . l i ' ' * • ' ^ 

f ' ' ' *5.' 

Refined chlorinated diphenyl containing 60% 
chlorine 

Very viscous, clear liquid 

' 1 . 

t 

Chlorinated mixture of 60% diphenyl and 40% 

. distilled high boiler containing 65% chlorine 

clear, extremely viscous liquid 

1 ' 

■ ; • 8. 

Chlorinated isomeric terpheny! mixture containing 
42% chlorine 

Clear, extremely viscous liquid 

9. 

Chlorinated distilled high boiler containing 60% 
chlorine 

t . ^ 

picar solid 


• The products obtained as a result of. these 
reactions were heated at a temperature of 
125°C. until a gel was formed, whereupon 
the heating was continued for a total of 13 


hours to convert the gel into a resin. The 
time required to gel the above products and 
the type of rc.sins formed arc indicated i.n the 
following table. 


Sample 

No. 

Total Time Required For 
Sample to Gel 

. Type of Resin Formed 

• 1 

Greater than 6 hours 

Dark, flexible, soft, bubble-free resin 

. ■ 2 

2.5 hours 

Flexible, bubble-free resin . 

3 

1.5 hours 

• Flexible, bubble-free resin 

4 

1.5 hours 

Flexible, bubble-free rcfin ^ 

■ ’ 5 

Greater than 6 hours 

Soft, flexible, bubble-free resin ' • 

, 6 

Greater than 6 hours 

Soft, flffiibW, resin with a few bubbles 

7 

1.5 hours 

Hard, flexible, bubble-free resin 

8 : 

2,5 hours 

Flexible, bubble-free resin 

■9 

2.5 hours 

' Brittle resin with a few bubbles 


F.X.tMt'I.I! XV 


Substantially 3 luols of mcta-iolvlcnc diiso- i.iking place in tlie presence of a suflicient 
cyanate \ns reacted with 1 mol of the con- ttmoiini of the following game liquids to 
dcns.ition product of I.V2 n;ol.s of propylene form a soitituni of the iidduei u.ivme. 

15 oxide with 1 mol of g.lvceriiie, the rcaetion tlie properiies indicated: 


752a 

793,730 


7 


' N 


Sample Physical Propcriici of 

Ko. Soliiiioa of AcUIi’.cc 


Partially hydrogenated aromatic liquid mix- 
ture having a specific gravity of 1.004 at 
250 "C., a refractive index ofl .5000ai25'’C. 
and a boiling range of 34G''C. to 390 “C. at 
atmospheric pressure 

Clear, viscous 

liquid 

Chlorinated 1 ;3:3-lrimcthyl-l-pheny)indanc 

» 

» , 

» • 

Epoxidised safflower oil 

1 

»} 

» 

9f 

, ; / 

Tricresyl phosphate 


J 3) 


2-cthyIhcxyl diphenyl phosphate 


S» 

» 

Butyl phthalyl butyl glycolatc 

ii 

» 


Dimethoxy tciracthylcnc glycol 


Clear liquid 


I 

I 

I 

* 

) 


The above products were heated at a tem- 
peraturo of 125°C. until they were gelled and 
Then the gels were heated up to a touil of 22.5 
5 ' hours to convert them into resins. The time 


Time Required for 
Sample to Gel, Hrs. 


1 Greater than 6.5 Flexible 

2 , 3.5 . 

3 ' . . ^ ■ .'v ■ 

.4' 5.5 

5' 3 . 

6, . 5.5 

7 Atoie than 2.5 


required for the products to gel and the 
properties of the resins are given in the. follow- 
ing table. 


Type of Resin Formed 

resin with some tendency or organic liquid 
to exude 


Flexible 

resin 

' 13 

3) 

» 

» 

33 

t . 

. .33 

19 

33 

* » 

33 


10 ExAMPl.n XVI 

, 3 Mols of mcta-iolylenc diisocyanarc was 
rifactccl with 1 mol of the condensate of 13.2 
mols of propylene oxide with 1 mol of gly- 
cerine, the reaction being carried out in the 
15 presence of a suliicioni amount of tricresyl 
phospl'.ate or chlorin.ucd diphenyl containing 
'12',’.\ chlorine to yield 20%, 50';,', and 80% 
solmic'us of the adduei. A simil.tr reaction 
w.is er.nicii out u.s'.n;; a mols of meia-tolylcne 
20 diisiicy.in.tie and 1 mo! of the cnndcns.tte of 
3.1 nt.'ls of propyl.’iie oxide with 1 mol of 
••.lyeevine. 'IT.e iVMiliing iv.tciion products 
wvie for her l'.e.i;eil to yield ivsinous polynters 
i c,'. bv the solvent cmphiyod. 

25 •.Ur pro.Uici.s ueie also m.ide by .idding 

t'.’.e d.'ove e.mdens.ites to the following molten 


chlorinated compounds, rcaaing mcta-tolyicne 
diisocyanaie with the condensate in the molar 
ratio indicated above and then hearing the 
resulting products to conven them into plas- 30 
ticised msinous polymers. 

1. A chlorinated mixtgre consi.sting of 60% 
diphenyl and 40% distilled high boiler 
containing about 65% chlorine 

2. A .chloriniiiect isomeric tevplienyl mix- 35 
turc cottt.tinin.T ,|2% clilorinc 

3. Chlorinated • distilled ltij>h boiler con- 
taining 6t)% citlorinc 

In order to dcicmtitie the tcmpcratitrc 
oh.ir.icieristics of these re.sins, iliey were cooled 40 
to - 12'''‘'C. and lie.tu\i to 20O'’C. and 300“’C 
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on a Fishcr-Johns melting point eppamms, 

All of tlicsc resins were liquid or extremely 
. soft at 300^'C. and gave off vapour. At 

200°C. very little change in the nature of tltc 
5 resins was noted, but at - 12^C., all of these 
resins were quite brittle. 

F.xamplf. X VI,1 

8 Parts of the condeii.sate of 13.2 mols of 
propylene oxide with 1 mol of glycerine was 
10 reacted with 7 parts of p.p'-diisocyanto- 
diphcnylmcthane which had been pretreated 
W'ith hydrogen chloride gas, the reaction being 
executed in the presence of 1 5 pans of chlor- 
inated diphenyl conttiining 42% chlorine, 'fhe 
^5 product of this reaction was a soft, sticky, 
gummy, cloudy liquid. This product \\-as 
heated at 125°C. for a period of 15 hours 
and a clear, flexible resin substantially free 
, from bubbles was obtained. 

• 20 Example XVIII . 

A mixture of 15 parts of chlorinated 
diphenyl containing 42% chlorine and about 
' 15 parts of die addiia of about 3 mols of 

meta-tolylcne diisocj-anate with 1 mol of the 
, ; 25 condensate of 9.2 mols of ethylene oxide with 
1 mol of iricihanolanune was prepared and' 
then heated at 140°C. for 25 to 30 minutes. 
This jdcldcd a clear, tough, resinous product. 

Example XIX 

30 40.7 Parcs of the condensate of 11.98 mols 

• ■ of ethylene oxide with 1 mol of glycerine 
’••was reacted with 34.3 parts of mcta-tolylonc 
diisocynnatc containing 0.24% of hydrolysablc 
■ '•.chlorine, the reaction being executed in the 
. 35 presence of 75 pans of chlorinaicd diphenyl 
.containing 54%, chlorine. The product of this 
, reaction was heated at 110°O. for 115 hours 

and a clear resin was obtained. A sample of 
•this resin was lield in the flame until it was 
40 bunting well and then it was withclrav/n. On 
being withdrawn, the product ceased to burn. 

Example XX 

244 Pans of the condcn,snic of 11.98 mols 
of ctliylcne oxide with 1 mol of glycerine was 
. 45 reacted witli 205.3 parts of mcia-tolylcne di- 
isocyanate containing 0.24%. of hydrolysablc 
. ■ chlorine, the reaction taking place at room 
tempcr.aturc and in the presence of 450 parts 
of chlorinated diphenyl containing 42%, of 
50 chlorine. This reaction yielded a product 
which, on heating at 110°C. for a period of 
68 liours, .produced a completely bubble-free, 
, clear, flexible and tough ivsin, 

A sample of the product of the initial 
55 reaction w.is u-ed to impre-'.naic and another 
to laminate s’la.ss cloth with highly MUisf.iciory 
results. In pt'vhin'ni' rhesc prod.ucts. si'hi- 
lion of tho initial r.MOtion pro.htci «r.s applied 
to a sheet of cloth and .i!.>.o hctnccti tvo 
60 sheets of cloth and then lic.tiod to clfect poly- 
* merisaiioti of the ailduct. 


I'XAXtPLi; XXI 

6.8 Parts of the condensate of 1 1.98 mols 
of eiliyicnc oxide witli 1 mnl of glycerine was 
reacted with 8.2 parts of p.p’-diisocynnaro- < 
diphenylmovhanc jn the presence of 15 purir. 
of chlorinated diphenyl containing 42%. of 
chloritie, the reaction taking place at room 
temperature. 3’he isocynna.te used in this ^ 
reaction was pretreated with iiydrogcn chloride 
to ensure the pre.'cncc of a trace of hydro.gcn 
chloride. The product of this reaction was a 
very viscous, sticky liquid which, on heating 
at a temperature of ]25°C. for, 15 hours, , 
yielded .1 flexible, clear resin substantially free • 
from bubbles. ... 

Manufacture of Resinous Foarns 
Example XXII. 

66.2 Parts of c.astor oil was dissolved in 
•100 parts of chlorinated diphenyl containing i 
54% chlorine by heating and to the resulting 
solution 33. S parts of meta-tolyicne diiso- 
cyanatc and 5 pans of N-metiiylmorphcline 
were successively added. Aft-er the formation 
of the adduct had been completed, 1 % of N- ^ 
mcihylmorpholinc and 0A% of berizyltri- 
mcihylammonium hydroxide were introduced 
with stirring. The ensuing rcaaion, whicli 
was carried out at room temperature, resulted 
in the production of a resinous foam. This " 
product was given an addition, il cure by 
heating for 15 minutes at about 1C0'’C. and 
a light coloured rubheiy foam .('f substantially 
uniform cell size was obtained. 

' Example XXIII ' 9 

The preceding example was repeated using 
hydrogenated instead of n.atural casror oil. 

This resulted in the production of a ligiit 
coloured nibbcry foam which was slightly 
firmer than’ that obtained in the previous if 
example. 

In the production of cellular products of 
plastic foam, the curing may be effected, an 
explained in specification No. 773,897, at 
room temperature by mixing the solution of 
the initial condensation product with a rela- 
tively small proportion of a catalyst which 
comprisc.s an oxide, hydroxide or alccholatc 
of an alkali metal or a quaternary ammonium 
base. Ifowcver, the rate of curin.g may bo 
prc.atly accelerated by heating the solid or 
liquid solution to higlicr lempereritrcs ns set 
forth herein. Tire curing may be carried out 
in .the absence or pre.scncc of moisture. 

The product, t of tin's in.vcntion arc suitable 11 
for casting ttr ponrin" imt' intricate forms or 
crevices and are adapted for t"c in numerotts 
applications,, for example, as adl'.esivcs, pro- 
t.Ttive coating.J, eomni'o.ants of insulatittg 
yari’.lshes, iiupiegni'.ius for librous ma'crial to 12' 
imparl water resisutu'e. ilanie. iviistance and 
improved Innd iltereio; as insul.iting .and cli- 
clcciric cletueni.s in iran.sforn'.ors, cap,ieito.\s, 
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clociiical terminals or bushinf!i.s, cables or 
other electric tlcviccs; and as foamccl-in-placc 
rosins. 

133' relativoli’ stable initial condensation 
produce we mean iliac die product is stable 
for consi^Icrable periods of time if stored at 
room icmpcrniua' in lightly cloticci coniniiiciii. 

WI-IAT WIi CLAIM IS: — 

• 1. A process for the production of a sub- 
stantially bubble-free plasticised iirctiianc or 
ihiourctlune coiivicasation polymer which, com- 
prises reacting an excess of an organic pol 3 '- 
isoc 3 'apare or polyisothloct’anaic with an 
organic poiyliydroxy or polymcrcapto com- 
pound • in the presence of a non-rcaaivc 
.organic compound so as to form a solid or 
viscous liquid solution in the non-rcactiyc 
organic compound of a relatively stable initial 
condonsniion product containing at least one 
urethane or ihinurcihanc group_ and also at 
least one free isocyanate or isothiccyanate 
group and themafter heating the fuid solution 
in the substantial absence of moi.Uurc or other 
added rcacave material to form said condensa- 
tion pol 3 -ir!er, said non-rcaaivc compound 
having a boiling point of at least 200°C. at 
atmos'pheric pressure and being soluble in the 
initial condensation product and the condensa- 
tion polymer. 

2. A process according to claim 1 in which 
the cirgani'c compound is present _ in an 
amount of 40 — 60% of the total weight. 

,•■3. ’A process .'.ccording to either of the 
preceding claim.s in wliich the solution of tltc 
initial condensation product is heated at 60— 
200OC. 

4. A process according to claim 3 in which 
the solution is heated at IpO — 125*^0. 

5. A process according to any of the pre- 
ceding claims in which ilic ratio of isocyanate 


or isotlii.iC3'<uiaic. groups to reactive hydrogen 
atoms present in forming tlic initial conden- 
sation product is at least 1.5 to 1. 

6. A process for ilic production of a plas- 
ticised urethane or ihiourcihanc conciensation 45 
polvmcr foam which comprises reacting an 
excess of nn organic polyisnor’anatc or poly- 
isothiocyanatc with .an organic polyhydroxy 
or polymcrcapto compound in the presence of 
a r.on-icactivo organic compound so a.s lo form ->0 
a solid or viscous liquid solution in the non- 
rcactivc organic compound of a relatively 
stable substantially bubble-free initial conden- 
sation product containing at least one urethane ^ 
or tliiourctbane group .and also at Ic.ast one J 
free isocyanate or isoihiocyanatc g'roup^ and 
thereafter treating the said solution with a 
compound capable of yielding in aqueous 
solution ionisable hydroxyl ’ or substinitcd 
hydroxyl groups or a precursor thereof to 
form .said condensation polymer foam, said 
non-rcactive organic compound Itaving a boil* 
ing point of at least 2000C. at atmospheric 
pressure and being soluble in tlic initial con- 
dcnsaiion product and the condensation 
polymer. 

7, A process for tlic production of a plas- 
ticised urethane or thioiirothnnc condensation 
polymer according to claim 1 or cl.'iim 6 and 
substantially as' hereinbefore described with 70 
reference to any one of the Examples. 

8. A plasticised urcihanc or iliiourcihanc 

condensation polymer whenever produced by 
the process according to any of die •preceding 
claims. • .. 

STEVEN.S, LANGNER, PARRY & 
ROLLIN.SON, 

Chartered Patent Agents, 

, Agents for the Applicants. 
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COMPLETE SPECIFICATION. 

"RESINS PRODUCED FROM URETHANES OR THIOURETHANES AND 

METHOD OF PREPARATION. " 

The following statement is a full description of this invention, 
including the best method of performing it known to us:- 

The present invention relates to a new series of resins and to 
the method of preparing such products. 

The products of this invention are suitable for casing or pouring 
into intricate forms or crevices ansi are adapted for use in numerous 
applications, for example, as adhesives, protective coatings, components 
of insulating varnishes, impregnants for fibrous material to impart water 
resistance, flame resistance and improved hand thereto; as insulating 
and dielectric elements in transformers, capacitors, electrical terminals 
or bushings, cables or other electric devices; and as foamed--in-place 
resins. The products of relatively low molecular weight, that is, those 
derived from monoamines, monohydroxy compounds or monomercaptans-, 
find use as plasticizers for vinyl resins and numerous other plastic mat- 
erials. 
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In accordance with the pi'esent invention, the new products are 
obtained by reacting an organic compound containing a plurality of groups 
selected from urethane and thiourethane groups, wit^ a compound of the 
general formula: R(NC,X)jj, wherein R is an organic radical free from 
functional groups other than -NCX, urethane or thiourethane groups, X - 
is selected from the group consisting of oxygen and sulfur and n is an in- 
teger having a value of at least 2, said second mentioned reactant being 
employed in an amount sufficient to react with at least two of said groups 
per mol of said first-mentioned reactant and said reaction being carried 
out in the presence of a non- reactive organic liquid which boils at a 
temperature not less than about 200*^C, at atmospheric pressure. 

Thus, the invention provides the method of producing new resin- 
ous products which comprises reacting, in the presence of a non-reactive 
organic liquid boiling at a tem.perature of at least 200°C, at atmospheric 
pressure, an organic compound containing a plurality of groups selected 
from urethane and thiourethane groups, with a compound of the general 
formula: R(NCX)ji, wherein R is an organic radical free from functional 
groups other than -NCX, ure&ane or thiourethane groups, X is selected 
from the group consisting of oxygen and sulfur, and n is an integer haying 
a value of at least 2, said second-mentioned reactant being employed in 
•an amount^ sufficient tb react with at least two of said groups per mol of 
said first-mentioned reactant. 

More particularly, the invention provides as a new composition 
of matter, the cellular product obtained by reacting an organic compound 
containing a plurality trf groups selected from urethane and thiourethane 
groupsi, with a compound of the general formula; RINCX)^ , wherein R 
is an organic radical free from functional groups other than -NCX, 
urethane or thiourethane groups, X is selected from the groups consisting 
of o3Qrgen and sulfur, and n is an integer having a value of at least 2, said 
second-mentioned reactant being employed in an amount sufficient to 
react with at least two of said groups per mol of said first-mentioned re- 
actant and said reaction being carried out in the presence of a catalys t 
selected from the group consisting of compounds yielding in aqueous solut- 
ion ionizable hydroxyl and substituted hydroxyl groups and precursors of 
said compounds, and in the presence of a non-reactive organic liquid hav- 
ing a boiling point of at least 200°C. at atmos^eric pressure. The 
cellular products defined are produced by the method defined above ex- 
cept that the reacticm is carried out in the presence of a catalyst selected 
from the group consisting of compounds yielding an aqueous solution ion- 
izable hydroxyl and substituted hydroxyl groups and precursors of said 
compounds. t 

The organic compounds containing a plurality of urethane or 
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&louretfaane groups may be prepared in any suitable manner. For ex- 
ample, compounds containing urethane groups are prepared by reacting 
an organic hydrojiy compound, preferably an orfeanic polyhydroxy com- 
pound, with pol3risocyanateB, carbamyl halides such as carbamyl chlor- 
ide, urea or substituted ureas; or by reactii^ mono- or polyamines 
with halocarbonates such as chlorocarbonates. Coftipounds coiitaining 
thioure thane groups are prepared by reacting polyisocyanates with mer- 
captans or polymercapto compounds. 

As illustrative examples of suitable h 3 ^roXy compounds for use 
in the production of organic compounds containing urethane groups, there 
may be mentioned methyl alcohol, ethyl alcohol, propyl alcohol, iso- 
propyl alcohol, butyl alcohol, amul alcohol, hexyl alcohol, octyl alcohol, 
decyl alcohol, lauryl alcohol, allyl alcohol, oleyl alcohol, tridecyl alcoh- 
ol, stearyl alcohol, methyl ricinoleate, ethyl lactate, diglycerides, 
mono-esters of glycols, phenols, substituted phenols, alkylene oxide 
f condensates of these hydroxy compounds, ethylene glycol, propylene 

glycolr butylene glycol-2, 3, butylene glycol-1, 3, 2-methyl pentanediol- 
2,4, 2-ethyIhexane-diol-l,3, hexamethylene glycol, styrene glycol, N- 
idienyl-diethanolamine, catechol, resorcinol, 2, 2-bls(4-hydroxyphenyl) 
propane, p,p’-dihydroxybiihenyl, decamethylene glycol; polyglycols 
(etiier glycols) such as polyethylene glycols, diethylene glycol, triethy- 
lene glycol, tetraethylene glycol, polyethylene glycols 200, 400 and 600; 
polypropylene glycols, dipropylene glycol, tripropylene glycol, poly- 
propylene glycols 400, 760, 1200 and 2000; Carbowaxes 1000, 1000 W, 
1500; monoethers of tri-hydroxy compoimds such as glyceryl-a-allyl 
ether, glyceryl-a-phenyl ether, glyceryl-a-isopropyl ether; hydroxy 
esters such as an ester prepared from 1 mol of dibasic acid and 2 mols 
of a glycol or polyglycol, a polyester prepared so that the molar ratio 
of glycol or polyglycol to the dibasic acid is between 2 and 1, an ester 
prepared from 1 mol of a dimer acid and 2 mols of a glycol or polyglycol, 
an ester prepared from a hydroxy acid and a glycol or polyglycol so that ' 
the molar ratio of the glycol or polyglycol to the hydroxy acid is between 
0. 5 and 1 and an ester prepared from 1 mol of a trihydroxy compound and 
1 mol of a monobasic acid, such as the monoglyceride of eleostearic - 
acid; trihydrojqr compounds such as glycerine, triethanolamine, pyrt>- 
gallol, phloroglucinol, and the like, alkylene oxide condensates of gly- 
cerine, triethanolamine, pyrogallol, phloroglucinol, and the like; mono- 
ethers of tetrahydroxy compounds; esters prepared from hydroxy acid 
and a trihydroxy compound so that the molar ratio of the latter to the 
former is between 0, 33 and 1, such as glycerine tri ricinoleate, esters: 
prepared from 1 mol of a monobasic acid and 1 mol of a tetrahydroxy 
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compound; tetrahydroxy compounds such as pentaerythritol, and the like, 
alkylene oxide ccMidensates of penta.ei-ythritol, and the like, esters pre- 
pared from 1 mol of a dibasic acid and 2 mols of a trihydroxy compound; 
pentahydroxy compounds, such as arabitol, xylitol, and the like; hexa- 
hydroxy compounds such as sorbitol, ducitol and mannitol, and the like. 

Examples of suitable compounds which may be reacted v/ith poly- 
isocynnates to form thiourethanes are methyl mercaptan, ethyl mercaptan 
butyl mercaptan, octyl mercaptan, cyclohexyi mercaptan, octadecyl mer- 
captan, ally mercaptan, phenyl mercaptan, tolyl mercaptan, a-naphthyl 
mercaptan, dimercaptoethane, 1,-2, 3-trimercaptopropane, 1, 2,3-tri- 
mercaptobutane, 1, 5-dimercapto-3-(mercaptomethyl) pentane, 1,6-dimer- 
captohexane, 1, 10-dimercaptodecane , l,6-dimercapto-3-methylhexano, 
1,4-dimercaptobenzene, dimercaptoiylylene, and polyvinyl mercaptan. 

Illustrative examples of suitable isocyanates, isothiocyanates, 
carbamyl chlorides, and ureas which may be employed in the production 
of organic compounds containing urethane or thiourethane groups are 
ethyl, methyl, propyl, butyl, amyl, octyl, decyl, dodecyl, hexadecyl, 
octadecyl, allyl, isobutyl, isoamyl, cyclohexyi, phenyl, jg-tolyl, j>- 
chlorophenyl, m-chlorophenyl and a-naphthyl isocyanates, and the like; 
ethylene diisocyanate, trimethylene diisocyanate, tetramethylene diisocy- 
anate, pentamethylene diisocyanate, and the like; and the corresponding 
diisothioc}ranates; alkylene diisocyanates and diisothiocyanates, such as 
propylene-1, 2-dilsocyanate, butylene-1, 2-diisocyanate, batylene-l, 3- 
diisocyanate, butylene-2, 3-diisocyanate, and butyleiie-l, 3-dlisothiooyan- 
ate; allqrlidene diisocyanates and diisothiocyanates, such as ethylidine 
diisocyanate, butylidine diisocyanate and ethylidine diisothiccyanate; 
cycloalkylene diisocyanates and diisotliiocyanates, such as cyclopontylene 
-1, 3-diisocyanate, cyclohexylene- 1, 2-diisocyanat6, cyclohe.xylene-1,^- 
diisocyanate, cycIohexylene-1, 4-diisocyanate, and cyciohexylene-1 , 2- 
diisothiocyanate; cycloallqrlidene diisocyanates and diisothiocyanates, 
such as cyclopentylidene diisocyanate, cyclohexylidene diisocyanate and 
cyclohexylidene diisothiocyanate; aromatic diisocyanates and diisothio- 
cyanates,- such as m-{henylene diisocyanate, ^-phenylene di isocyanate, 
l-melhyl-2, 4-phenylene diisocyanate, naphthylene-l,4-diisocy3nato, 
diphenylene4, 4*-dilsocyanate or n-phenylene diisothiocyanate; aliphatic- 
aromatic diisocyanates or diisothiocyanates, such as xylylene-l,4-diiso~ 
cyanate, xylylene-1, 3-diisocyanate, 4, 4*-diphenylmethane diisocyanate, 

4, 4’-diphenylpropane diisocyanate or xylyiene-1, 4-dii8othiocyanate; 
metiiyi, etliyl, propyl, butyl, octyl, dodecyl, octadecyl, phenyl, cyclohexyi^ 
jTj-chlorophenyl carbamyl chlorides; m-phenylene, ^phenyieiie, 2,4- 
tolylene, 4, 4’-xenylene bis-carbamyl chlorides; urea, metliylurea, ethyl- 
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urea, butylurea, pfcenylurea, a-napfelhylurea, cyclohexylurea, ^-di- 
methylurea, ^-dicyclohexylurea, £-diphenylurea, 1, 3-methylethylurea 
and 1, 3-ethylphenylurea, and the like. 

Examples of amines which may be used in the preparation of 
oi^nic compounds containing ureiliane groups are: methyl, ethyl, butyls 
octyl, cyclohexyl, octadecyl, allyl amines, aniline, £-toluidine, substit- 
uted anilines and a-naphthylamine; ethylene diamine, trimeihylene 
diamine, te.tramethylene diamine, hexamethylene diapiine, octamethylene 
diamine, decamethylene diamine, dodecamediylene diamine, N,N*- 
dimethyl decamethylene diamine, N, N’-dibenzyl hexamethylene diamine, 
cyclohexylene- 1-4-diamine, ortho- phenylene diamine, -m-phenylene 
diamine, ^{^enylene diamine, benzidine, naphthalene-1, 4-diamine, 7,, 
7'-diamlno dibulyl oxide ,7 , y’-diamino dibutyl sulfide, diethylene 
triamine and triethylene tetramine, and the Uke. 

As typical examples of halocarbonates which may be reacted with 
amines to form organic compounds containing urethane groups, there 
may be mentioned, methyl, ethyl, propyl, isopropyl, butyl, cyclohexyl, 
phenyl, £^tolyl and £;-chlorophenyl chlorocarbonates and butylene-1, 4- 
and hexylene- 1,6- bis-chlorocarbonates, and the like. 

The oiganic compounds containing urethane and/or thiourethan^ 
groups used in the practice of the instant invention are preferably pre- 
pared by reacting an organic Compound of the general formula: R(NCX) 
with an organic polyhydroxy and/or polymercapto compound in the proport- 
ions providing a I'afio of -NCX groups to active hydrogen atoms which is 
greater than 1:1 but is desirably wi&in the range of 1. 1:1 to ml. More 
specifically, these reactants are employed in the proportions providing 
a ratio of -NCX groups to active hydrogen atoms which falls in the range 
of about 1. 3:1 orl. 5:1 to about ml and preferably within the range of 
about 2:1 to about n;l. The products obtained by this reaction are adducts 
which contain ure&ane and/or thiourethane groups and also free isocyan- 
ate and/or isothiocyanate groups. Therefore, tiiese products can be con- 
verted into more highly polymerized products by bringing out a reaction 
between the isocyanate and/or isothiocyanate groups of one molecule with 
the urettiane mad /or thiourethane groups of the same or another molecule. 
This is achieved by heating the adducts in the substantial absence of 
moisture or by means of catalysts. Alternatively, the organic compounds 
containing urethane and/or thiourethane groups and also isocyanate and/- 
or isothiocyanate groups may be converted into a more highly polymeriz- 
ed state by further reaction with a polyisocyanate and/or polyisothiocyan- 
ate. 

The products of the instant invention may be in the form of bubble- 
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free resinous compositions or highly cellular reMnous foams, the char- 
acter of the products being dependent upon the conditions of manufacture. 

s. substantially bubble-free resin is desired 
e reaction between the organic 'compoimd containing uretlmne and/or 
ftiourefeane groups with a polyisocyanate and/or polyisothiocyanate is 
^sirably carried out in the absence of a catalyst and also moisture. 

CJ the other hand, if a cellular product is desired, the reaction is effect- 
ed in the presence of a catalyst selected from the group consisting of 
compounds yielding in aqueous solution ionizable hydroxyl or substituted 
hy^oj^l groups and precursors of said compounds. In either case, the 
pr^ucte. wUch otherwise are relatively brittle resins, are plasticized 
a^ rendered more flexible by effecting their preparation in the presence 
of the non-reactive organic organic liquid which boils at a temperature 
not lower than 200 C. , and preferably not lower than 250°C. , at atmos- 
pheric pressure. ’ 

h examples of non-reactive organic liquids which 

practice of this invention, there may be mentioned 
.nchlorobenzene, chlorinated biphenyl, chlorinated, 1, 3, 3-trimethvl-l- 
^enyllndan^ chloriimted 1. 3. 3. 

ImethoY telraelhylene glycol, dlefljyl Slthalale, dtbtttyl phlhalato. 
diautyl phthalate, butyl benzoyl benzoate, butyl phthalyl butyl glycolate 

diphenyl ortho-biphenyl Xs^ate, ' 

dibentlf diphenyl phosphate, dibutyl sebaoate, 

benzyl sebacate, partially hydrogenated aromatic hydrocarbon liquid 

disclosed and claimed in U.S. phtentNo: 2, 364,7T9 
e^xidized saffiower oil and petroleum and coal tar oils which boil above 
200 C. . and preferably above 250°C. , at atmospheric pressure. In fact 
any organic Uquid boiling within the above range which L compatible wife 
and flhP « the organic compounds containing urethane groups 

and the fM resin are employed in the practice of the instant inventton 

to the non preformed and then added 

to the non-reactive organic Uquid or solid and converted to a more highiv 

organic liquid ^ 

3 thr^lfr ^ polymerization. In either 

polymers thus obtained vary from soft resinous gels 

"sed^to 

leysnce - 

are by weight tmlese other- 
wise specified, although it should be clearly understood that the invention 
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is not limited thereto. 

EXAMPLE I. Manufacture of Substantially Bubble-Free Gels 
and Resins. About 11. 1 parts of triethanolamine was reacted with 
about 38. 9 parts of m-tolylene diisocyanate in the presence of about 50 
parts of chlorinated biphenyl containing 42% chlorine. The resulting 
mixture consisted of a white solid suspended in a yellow liquid. This 
liquid was separated and heated in an oven at a temperature of 100°C. 
for about 12 hours and a hard, clear resin was obtained. 

A sample of this resin was held in a Bunsen flame and it burned 
with a smokey flame without melting but extinguished itself as soon as 
it was removed. 

EXAMPfjE n. About 55. 5 parts of triethanolamine and about 
250 parts of chlorinated biphenyl containing 42% chlorine were mixed 
thoroughly in a flask and then about 194. 5 parts of imtolylene dissocyan- 
ate, was .added with stirring. During this addition, ttie reaction temper- 
ature was maintained at a value not exceeding 50°C. This resulted in 
the production of a slurry of a solid material which was separated from 
the liquid by filtering. A sample of the liquid reaction product was plac- 
ed in an oven at 100°C. and, after about 18 hours, the liquid solidified. 
The solubility of this product in various liquids was determined and it 
was found that the resin did not dissolve in boiling solvents such as 
water, methanol, acetone, hexane, benzene, carbon tetrachloride and 
ettiyl acetate. 

EXAMPLE ni. A slurry containing about 39, 1 parts of di- 
ethanolamine and about 250 parts of chlorinated biphenyl containing 42% 
chlorine was reacted with about 194. 5 parts of m-tolylene diisocyanate 
to form a liquid product containing a relatively small proportion of solid 
material which was separated by filtering. The liquid product was then 
heated in an oven at 100°C. until it solidified into a hard, clear resin. 

EXAMPLE IV. About 38.9 parts of m^tolylene diisocyanate 
aiad about 11. 1 parts of triethanolamine were reacted together in the 
p]“esence of about 50 parts of nuclear chlorinated is opropylbi phenyl con- 
taining about 42% chlorine. The reaction product consisted jf a liquid 
ccmtaining a relatively small proportion of solids which were removed 
by filtration. The liquid portion of the reaction product was heated in 
an oven at 100°C. for a period of about 24 hours and a soft, yellow re- 
sinous gel was obtained. 

EXAMPLE V. About 11.1 parts of'triethanolamine and about 
38. 9 parts of m-tolylene diisocyanate were reacted together in the pre- 
sence of about 50 parts of the following solvents: 
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Sample No. 1 Chlorinated biphenyl containing 21% chlorine 
Sample No. 2 Chlorinated biphenyl containing 32% chlorine 
Sample No. 3 Chlorinated biphenyl containing 42% chlorine 
Sample No. 4 Chlorinated biphenyl containing 48% chlorine 
Sample No. 5 Chlorinated biphenyl containing 54% chlorine 
Sample No. 6 Chlorinated biphenyl containing 60% chlorine 
Sample No. 7 Chlorinated naphthalene. 

On heating to a temperature of 100°C. and for a period of about 
20 hours, Sample Nos. 1-5 and 7 formed clear, amber resins whereas 
Sample No. 6 produced a sticky, opaque resin. 

EXAMPLE VI. About 55. 5 parts of triethanolamine and about 
194. 5 parts of m-tolylene diisocyanate were reacted together in the pre- 
sence of about 250 parts of chlorinated biphenyl containing 42% chlorine. 
This reaction was carried out at room temperature using chlorinated bi- 
phenyl which had been previously saturated with hydrogen chloride gas. 
This resulted in the production of a liquid containing a relatively small 
proportion of solids which were removed by filtration. A sample of this 
liquid product was heated at a temperature of 100°C. for about 3 1/4 
hours to form a thick gel and for a total of about 4 1/4 hours to form a 
very hard and brittle resin which was substantially free of bubbles. 

EXAMPLE Vn. About 8. 3 parts of triethanolamine and about 
41. 7 parts of p, p*-diisocyanatodiphenylmethane were reacted together in 
the presence of about 50 parts of chlorinated biphenyl containing about 42% 
chlorine. The resulting reaction product was placed in a 100*^0. over 
and heated for about 5 hours. This resulted in the production of a hard, 
clear, yellow resin similar to that obtained with m-tolylene diisocyanate. 

EXAMPLE Vni. About 11. 1 parts of triethanolamine was dis- 
solved in about 50 parts of molten biphenyl and to the resulting solution 
about 38. 9 parts of m-tolylene diisocyanate was added. The product 
obtained as a result of the ensuing reaction was heated for about 24 hours 
at 100°C. and a hard, clear, light yellow resin was obtained. 

EXAMPLE DC. About 10. 3 parts of castor oil was reacted 
with about 4. 7 parts of m-tolylene diisocyanate in fhe presence of chlor- 
inated biphenyl containing 42% chlorine, the reaction taking place at room 
temperature. The product of this reaction was a clear, viscous liquid 
which, on heating for about 40 hours at 125^0. , yielded a flexible, bubble- 
free resin. 

EXAMPLE X. m-Tolylene diisocyanate and the condensate 
of about 6. 6 mols of propylene oxide with 1 mol of glycerine were reacted 
together in a molar ratio of about 3 mols of the diisocyanate to about 1 
mol of the condensate, the reaction taking place in the presence of a suff- 
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icient amoiint of chlorinated biphenyl containing 42% chlorine to yield a 
50% solution cf adduct. On heating for 2 1/4 hours at 140°C. , a sample 
of this solution yielded a tough, rubbery and resinous gel. 

EXAMPLE XI. m-Tolylene diisocyanate containing about 
. 23% hydrolyzable chlorine was reacted with the following alkylene oxide 
condensates of glycerine in a molar ratio of about 3 mols of the isocyan- 
ate to about 1 mol of the condensate, the reaction taking place in the 
presence of sufficient amount of chlorinated biphenyl containing 42% chlor- 
ine ot yield a 50% solution of the adduct. 

Condensate of about 3, 1 mols of propylene oxide 
with 1 mol of glycerine 

Condensate of about 13. 2 mols of propylene oxide 
with 1 mol of glycerine 

Condensate of about 12 mols of ethylene, oxi^e with 
1 mol of glycerine 

Condensate of about 3 mols of ethylene oxide with 
1 mol of glycerine 

The products of these reactions were all clear , viscous liquids 
except the solution of adduct prepared from 3: 1 mols of propylene oxide 
with 1 mol of glycerine, which product was a cloudy, viscous liquid. On 
being heated to 150°C. for 3 hours, 4 3/4 hours, 7 1/2 hours and 4 3/4 
hours, respectively, those reaction products formed gels which, on con- 
tinued heating for a total of 23 hours at the same, temperature, produced 
flexible, bubble-free resins that decreased in flexibility with decreasing 
molecular weight of the condensate used in the preparation of the adduct. 

EXAMPLE xn. Solutions of the following compositions, 

when heated for about 23 hours at 125°C. , yielded substantially bubble- 
free products which varied with decreasing amounts of solvent from a 
soft jelly to a tough, flexible resin. 

% By Weight of 

% By Weight Chlorinated Biphenyl 

Adduct Of Adduct Containing 42% Chlorine 


Adduct of about 3 mols • 
of m-tolylene diisocyan- 
ate with about 1 mol of 
the condensate of 13. 2 
mols of propylene oxide 
with 1 mol of glycerine 

It 

n 


20 


35 


80 


65 
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EXAMPLE, xm. Solutions of the following compositions, when 
heated for about 23 hours at I 25 OC. produced substantially bubble-free, 
brittle resins which increased in hardness as the amount of solvent was 
decreased. 


% By Weight of 
% By Weight Chlorinated Biphenyl 
Adduct Of Adduct Containing 42% Chlorine 

Adduct of 3 mols of m-toly- 
ene diisocjranate with 1 mol 


of the condensate of 3. 1 mols 

20 

80 

of propylene oxide with 1 mol 


of glycerine 



It 

35 

65 

II 

65 

35 

II 

80 

20 


EXAMPLE XIV Substantially 3 mols of m-tolylene diisocyan^ 
ate was reacted with the condensation product of about 13. 2 mols of pro- 
pylene oxide with 1 mol of glycerine in the presence of a sufficient amount 
of the following chlorinated compounds numbered 1-6, inclusive, to yield 
a-60% solution of the resulting adducts. In the remaining cases, namely, 
7-9, inclusive, the condensation product was mixed with similar amounts 
of the melted chlorinated compound and then reacted with the m-tolylene 
diisocyanate. 


Physical Appearance of 
Adduct.. 


1. 

Unrefined chlorinated biphenyl 
containing 48% by weight of 

Dark liquid 


chlorine 


2. 

Chlorinated biphenyl containing 
21% chlorine 

Clear, viscous liquid 

3.. 

Chlorinated biphenyl containing 


32% chlorine 

H II II 

4. 

Refined chlorinated biphenyl 
containing 48% chlorine 

" II II 

5. 

Refined chlorinated biphenyl 
ccHtitaining 54% chlorine 

• 1 II II 

6. 

Refined chlorinated biphenyl 
containing 60% chlorine 

Very viscous,' clear liquid 


10 . 
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Physical Appearance of 
AsMilfit 


7. 

Chlorinated mixture of 60% 



biphenyl and 40% distilled 

Clear, extremely viscous 


high boiler containing 65% 

liquid 


chlorine 


8. 

Chlorinated isomeric teri^enyl 



mixture containing 42% chlor- 

Clear, extremely viscous 


ine 

liquid 

9. 

Chlorinated distilled hi^ 



boiler containing 60% chlor- 

Clear solid 


ine 

The products obtained as a result of these reactions were heat-" 
ed at a temperature of 125OC. until a gel was formed, whereupon the 
heating was continued for a total of 13 hours to convert the gel into a 
resin. The time required to gel the above products and the type of re- 
sins formed are indicated in the following table. 


Sample 

No. 

Total Time Required For 
Sample to Gel. 

Type of Resin Formed 

1 

Greater than 6 hours 

Dark, flexible, soft, 
bubble-free resin 

2 

2 1/2 hours 

Flexible, bubble-free 
resin 

3 

1 1/2 hours 

Flexible, bubble-free 
resin 

4 

1 1/2 hours 

Flexible, bubble-free 
resin 

5 

Greater ttian 6 hours 

Soft, flexible, bubble- 
free resin 

6 

Greater than 6 hours 

Soft, flexib’.e resin with 
a few bubbles 

7. 

1 1/2 hours 

Hard, flexible, bubble- 
free resin 

8. 

2 1/2 hours 

Flexible, bubble-free 
resin 

9 

2 1/2 hours 

Brittle resin with a few 


bubbles 
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EXAMPLE XV. Substantially 3 mols of m-tolyiune diisocj'an- 
ate was reacted with about 1 mol of the condensatiou product of about 13. ?, 
mols of propylene oxide with 1 mol of glycerine, the reach' on taking place 
in the presence of a sufficient amount of the following organic liquids to 
form a 50% solution of the adduct having the properties indicated: 


Sample 

No. 

1 Partially hydrogenated aromatic 
liquid mixture having a specific 
gravity of about 1. 004 at 25°C. , 
a refractive index of about 

1. 5600 at 25 OC. and a boiling 
range of 340°C. to 390°C. at 
atmospheric pressure 

2 Chlorinated 1: 3: 3f-tri methyl- 1- 
phenyl-indane. 

3 Epoxidized safflower oil 

4 Trioresyl phosphate 

5 2-ethylhexyl diphenyl phosphate 

6 Butyl phthalyl butyl glycolate 

7 Dimethoxy tetraethylene glycol 


Physical Properties Of 
Solution of Adduct 
Clear, viscous liquid 


tl 

II 

II 

H 

M 

II 

U 

11 

II 

?l 

11 

It 

f? 

II 

II 


Clear liquid 


The above products were heated at a temperature of about 125°C 
until they were gelled and then the gels were heated up to a total of 22 
1/2 hours to convert them into resins. The time required for the products 
to gel and the properties of the resins are given in the following table. 


Time Required for 
Sample to Gel. Hrs. 

1 Greater than 6 1/2 

2 3 1/2 

3 1 

4 5 1/2 

5 . 3 

6 5 1/2 

7 More than 2 1/2 


Type of Resin Formed 

Flexible resin with some tendency 
of organic liquid to exude 
Flexible resin 

II II 

II it 

II 11 

II II 
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EXAMPLE XVI About 3 luols of m-tolylene diisocyanate 
was reacted with about 1 mol of the condensate of 13. 2 mols of propylene 
oxide with 1 moi of glycei'ine, the reaction being executed in the presence 
of containing 42% chlorine to yield 20%, 50% and 80% solutions of the 
adduct. A similar reaction was carried out using about 3 mols of m-toly- 
lene diisocyanate and about 1 mol of the condensate of 3. 1 mols of pro- 
pylene oxide with 1 mol of glycerine. The resulting reaction products 
were fur&er heated to yield resinous polymers plasticized by the solvent 
employed. 

Similar products were also made by adding the above condensat- 
es to the following molten chlorinated compounds, reacting m-tolylene 
diisocyanate with the condensate in the molar ratio indicated above and 
then hpating the resulting products to convert them into plasticized resin- 
ous polymers. 

1. A chlorinated mixture consisting of 60% biphenyl and 
40% distilled high boiler containing about 65% chlorine 

2. A chlorinated isomeric terphenyl mixture containing 

42% chlorine . 

3. Chlorinated distilled high boiler containing about 60% 
chlorine 

In order to determine the temperature characteristics of these 
resins, they were cooled to -12®C. and heated to 200°C. and 300^. on 
a Fefiaer-Johns melting point apparatus. All of these resins were liquid 
or extremely soft at 300®C. and gave off vapor. At 200°C. very little 
change in the nature of the resins was noted, but at -12°C. , all of these 
resins were quite brittle. 

EXAMPLE XVn. About 8 parts of the condensate of 13. 2 
mols of propylene oxide with 1 mol of glycerine was reacted with about 
7 parts cS p,p*-diisocyanatodiphenylmethane which had been pretreated 
with HCl gas, &e reaction being executed in the presence of 15 parts of 
chlorinated biphenyl containing about 42% chlorine. The product of this 
reaction was a soft, sticky, gumr’y, cloudy liquid. A sample of this 
product was heated at 125°C. for a period of about 15 hours and a clear, 
flexible resin substantially free of bubbles was obtained. 

EXAMPLE XVm A mixture of about 15 parts of chlorinated 
biphenyl containing 42% chlorine and about 15 parts of the adduct of about 
3 mols of m-toylene diisocyanate with about 1 mol of the condensate of 
9. 2 mols of ethylene oxide with 1 mol of triethanolamine was prepared 
and then heated at 140°C. for about 25 to 30 minutes. This yielded a 
clear, tough, resinous product. 

EXAMPLE XIV About 40. 7 pa,rts of the condensate of 
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11. 98 mols of etbylene oxide with 1 mol of glycerine was reacted with 
about 34. 3 parts of m-tolylene diisocyanate containing 0. 24% hydrolyzable 
chlorine, fee reaction being executed in the presence of about 75 parts of 
chlorinated biphenyl cmtaining 54% chlorine. The product of this react- 
ion was hated at 110°C. for about 115 hours and a clear resin was obtain- 
ed. A sample of this resin was held in the flame' until it was burning well 
and then it was withdrawn. On being withdrawn, the product did not con- 
tinue to burn. 

EXAMPLE XX. About 244 parts 'of the condensate of 11. 98 
mols of ethylene oxide wife 1 mol of glycerine was reacted wife about 
205. 3 parts of m-tolylene diisocyanate containing 0. 24% of hydrolyzable 
chlorine, the reaction taking place at room temperature and in fee t)re- 
sence of about 450 parts of chlorinated biphenyl containing 42% chlorine. 
This reaction jrielded a product which, on heating at about 110°C. for a 
period of about 68 hours, produced a completely bubble-free, clear, 
flexible and tough resin. 

A sample of the product of the initial reaction was used to im- 
pregnate and/or laminate glass cloth with hig^hly satisfactory results. 

In producing feese products, fee solution of fee initial reaction product 
was applied to a sheet of cloth and also between two sheets of cloth and 
then heated to effect polymerization of fee adduct, > 

EXAMPLE XXI About 6. 8 parts of fee condensate of 11. 98 
mols of ethylene oxide with 1 mol of glycerine was reacted with about 8. 2 
parts of p,p’.Kiiisocy»Batodiphenylme thane in fee presence of about 15 parts 
of chlorinated biphenyl containing 42% chlorine, the reaction taking place 
at room temperature. The isocyanate used in feis reaction was pretreat- 
ed with hydrogen chloride to insure the presence of a trace of HCl. The 
product of this reaction was a very viscous, sticky liquid which, on heat- 
ing at a temperature of about 125°C. for about 15 hours , yielded a flex- 
ible, clear resin substantially free of bubbles. 

EXAMPLE XXn Manufacture of Resinous Foams. The pro- 
cedure described in Example X was repeated except that 1% by weight of 
calcium oxide was added to a sample of the resulting solution of adduct. 

On heating feis sample at 140°C. for 10 minutes, it was converted initially 
into a gel and finally into a porous resinous foam. 

EXAMPLE XXni The procedure used in Example XI was 
repeated using m-tolylene diisocyanate which had been pretreated with 
hj^rogen chloride, and a condensate of about 3 mols of propene oxide 
with 1 mol of glycerine to form a 50% solution of adduct. A sample of 
this solution was mixed with about 1% by weight of lead oxide and the re- 
sulting mixture heated at 140°C. for about 1 1/4 to 1 3/4 hours. This 
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resulted in fhe production of a rubbery, resinous foam, 
a i K XXIV About 66. 2 parts of castor oil was dissolv- 

SaanfmS of ohlorlmted biphenyl eontataiag 54% chlorine by 

heaang and to (he resnihng eoluaon about 33. 8 parts of m-tolvlene di- 

and ab^t 5 parts of N-meBiylmorpholine werrsuoLsWely 
^ N of had been oonvleled. about 1% 

bLt^d bet^yltrlmethylammonium 

hydroxide were introduced with sarring. The ensuing reaoBon. which 

was carried out at room temperature, resulted in die production of a 
resinous foam. This product was given an additional cure by heating for 

a«d a light colored rubbery foam“sLn: 

laiiy Uniterm cell size was obtained. 

u example XXV. The preceding example was reoeated usino- 

IM T'“a Insulted in Ito produob- 

obtata^^n'lr'"'!? slighUy firmer flian that 

Obtained in die previous example. 

The organic compound containing a urethane or thiourethane 

group or one or more of these groups and an isocyanate andC^Tsothio. 

yamte group is prepared in the presence of the non-reactive organic 

which boils at a temperature 6f at least COO^cfand 

ms ^ew/« ^ at least 250°C. at atmospheric pressure. 

U ^ viscous liquid solution of the above organic com- 

p und, which is stable for a considerable period of time if stored at 

treated inThr^er^^^^ however, if heated or 

to a oomni! hereinafter described, the solution is converted in- 

iciLr! plasticized by the above-mentioned plast- 

Viscous liquid Solution of the above- 
rsence^°''Tr by heafeiig iii the substantial 

metoane or tolourethane group and an isocyanate and/or an isothiocvanate 

L event^af ft"' containing both types of functional groups^n 

the event that the organic compound contains only urethane or thiouretonnA 

taiM at least one isocyanate and/or isothiocyanate group the curine- 
taking plane at a temperatare sufficient to brtng abora^^fcarbleen 
(he funohonal groups of the two compounds involved. 

of a catal^L'^T.T *“ hbsenoe or presence 

about 225°c Tr trying from room temperature up to 

about 225 c. or more specifically, from about eo°C. to about 200°a 
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and within these limits, a temperature of about lOO^C. to about 125<^'C. 
is preferred. 

In the production of cellular products or plastic foam, the curing 
is effected at room temperature by mixing the organic material containing 
the urethane or ttiiourethane groups as defined with a I'elatively small 
proportion of a catalyst selected from the group consisting of compounds 
yielding in aqueous solution ionizable hydroxyl or substituted hydroxyl 
groups and precursors of these compounds. The expression "substituted 
hydroxyl groups" signified radicals of the formula -OX, in which X is a 
member selected from the group consisting of aliphatic, cycloaliphatic 
aryl, alkaryl, arallqrl and substituted hydrocarbon radicals which may 
or may not be interrupted by non-i’eactive hetero atoms such as sulfur 
and oxygen, and the like. For example, these hydrocarbons radicals may 
be substituted by alkyl, alkoxy, halogen and/or nitro groups. Illustrative 
examples of preferred catalysts within the group are the oxides or hydr- 
oxides of potassium, sodium and calcium; the oxides of magnesium, 
zinc and- lead; the alkali metal salts and particularly the sodium salts 
of ortho-phenyl phenol, 2,4, S-trichlorophenol and 2, 3,4, 6-tetrachlorc- 
phenol; and benzyltrimethylammonium hydrdxide, tetramethylammonium 
hydroxide, tetramethylphenylammonium hydroxide, tetraethylammonium 
h 3 ^roxide, and the like. These catalysts may be used alone or in combin- 
ation with tertiary organic amines such as N-methylfnorpholine, N- 
ethylmorpholine, triethylamine, tripropylamine, tribufylamine, triamyl- 
amine, pyridine and quinoline, and the like. If desired, the rate of curing 
may be treatly accelerated by heating the solid or liquid solution to higher 
temperatures within the limits set forth above. 

In the production of cellular products or plastic foams, the eat- ' 
alyst is employed in an amount varying from about 0. 001% to about 5% 
by weight or more specifically, within the range of about 0. 1% to about 
3% by weight and within these limits about 0. 5% to about 1% is preferred. 
The percentage by weight is based upon the weight of the total reactants. 

In the production of plasticized products in accordance with this 
invention, the liquid plasticizer is desirably employed in an amount vary- 
ing from about 20% to about 80% by weight, basis total weight, and within 
these limits about 40% to about 60% by weight is preferred. If desired, 
larger or smaller amounts may be employed in order to effect the desired 
degree of plasticization. 

The plasticized products of the instant invention cannot be pro- 
duced by first forming the polymerized or cured organic compound contain- 
ing a urethane or thiourethane group and then incorporating the cured pro- 
duct with ttve plasticizer. In order to obtain products having satisfactory 
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properties, the organic compound containing the urethane or thiourethane 
group must be intimately associated with the plasticizer and then poly- 
merized or cured to a higher molecular state. In tiiis operation, the 
organic compound containing the urethane or thiourethane group may be 
preformed and then added to the plasticizer or it may be formed In situ. 

The claims defining the invention are as follows; - 

1. As a new composition of matter, the product obtained by 
reacting an organic compound containing a plurality of groups selected 
from urethane and thiourethane groups, with a compound of the general 
formula: R(NCX)n, wherein R is an organic radical free from functional 
groups other than -NCX, urethane or thiourethane groups, X is selected 
from the group consisting of oxygen and sulfur and n is an integer having 
a value of at least 2, said second mentioned reactant being employed in 
an amount sufficient to react with at least two of said groups per mol of 
said first-mentioned reactant and said reaction being carried out in the 
presence of a non-reactive organic liquid which boils at a temperature 
not less flian about 200°C. at atmospheric pressure. (Priority date; 

7th August, 1953) 

2. As a new composition of matter, the cellular product 
obtained by reacting an organic compound containing a plurality of groups 
selected from urethane and thiourethane groups, with a compound of the 
general formula: R(NCX)jj, wherein R is an organic radical free from 
functional groups other than -NCX, urethane or thiourethane groups, X 
is selected from the group consisting of oxygen and sulfur, and n is an 
integer having a value of at least 2, said second- men Koned reactant be- 
ing employed in an amount sufficient to react with at least two of said 
groups per mol of said first-mentioned reactant and said reaction being 
carried out in the presence of a catalyst selected from the group consist- 
ing of compounds yielding in aqueous solution ionizable hydroxyl and sub- 
stituted hydroxyl groups and precursors of said compounds, ^Md in the 
presence of a non-reactive organic liquid having a boiling pottS of at 
least 200°C. at atmospheric pressure. (Priority date: 7th August, 1953) 

3. New resinous compositions substantially as described 

herein. (Priority date: 7tli August, 1953) 

4. The method of producing a new composition of matter, 
which comprises reacting, in the presence of a non-reactive organic 
liquid boiling at a temperature of at least 200Oc. at atmospheric pressure. 
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an organic compound containing a plurality of groups selected from 
urethane and Uiiourethane groups, with a compound of the general formula: 
R(NCX)^, wherein R is an organic radical free from functional groups 
other than -NCX, urethane or thiourethane groups, X is selected from 
the group consisting of oxygen and sulfur, and n is an integer having a 
value of at least 2 , said second-mentioned reactant being employed in an 
amount sirfficient to react with at least two of said groups per mol of 
said first-mentioned reactant. (Priority date: 7th August, 1953) 

5. ITie method of producing, a cellular product, which com- 
prises reacting, in the presence of a non- reactive organic liquid boiling 
at a temperature of at least 200OC. at atmospheric pressure, an organic 
compound containing a plurality of groups selected from urethane and 
thiourethane groups, with a compound of the general formula; R(NCX)«, 
wherein R is an organic radical free from functional groups other than 
-NCX, urethane or thiourethane groups, X is selected from the group 
consisting of oxygen-and sulfur, and n is an integer having a value of at 
least 2 , said Kecond- mentioned reactant being employed in an amount 
sufficient to react with at least two of said groups per mol of said first- 
mentioned reactant and said reaction being carri^ out in the presence of 
a catalyst selected from the group consisting of compounds yielding in 
aqueous solution ionizafole hydroxyl and substituted hydroxyl groups and 
precursors of said compounds. (Priority date; 7th August, 1953 ) 

6 . The metliod of producing new resinous compositions sub- 
stantially as described in anyone of the Examples herein. 

(Priority date: 7th August, 1953) 


ED^riN F. WELLINGTON. 
Patent Attorney for Applicant. 
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Edibla “instant gel" is tough; it forms when a puriBed liquid fat is combined with 
water. William C, Lyman (left), and George Y. Brokaw look at the new gel 
which may find application in the cosmetic, pharmaceutical, and food industries 


Instant Gel 

Researchers report that gel forms in seconds when 
distilled monoglyceride is mixed with water 


Jb.uTMAN Kodak has developed a new 
nnnpetroleum gel that forms abnost 
instantly when a- distilled monoglyc* 
critic is stirred into water. It forms 
in one or two seconds after it's mixed 
with the water. 

The new gel was discovered, after 
three years' work on purifleatibn of 
materials. "Because the gel is formed 
from highly puriBed liquid monoglyo- 
crides. it is edible and nutritious," 
according to John C. Hecker, general 
manager of Kodak's Distillation Prod, 
nets Industries Division. "But its pos- 
sibilities appear to lie as much in'thc 
cosmelie, pharmaceutical, and other 
fields us in the food industry." 

The gel, in a modified form, has been 
tested succossfuliy as a means of boost- 
ing th- "whip" in whipped '.'.opings fur 
d' ■•.n! 'ibis leads lleckei 'to helitve 


that the product might give housewives 
a new kbid of whipped dairy product 
when they mix a crystalline form of the 
gel with milk. He thinks too that 
since the liquid monoglyceride gels on 
moisture contact, it may find use in 
medicine when it is combined with a 
liquid medicine, It could also be con- 
sidered for hair dressings and deodor- 
ant creams. In industry, the gel could 
possibly win a role as a special lubricant 
or antirust additive, he claims. 

George V, Brokaw and William C. 
Lyman, both of Kodak’s DPI Division, 
say that when concentrated mono- 
glycerides (such as distilled products) 
are healed In about their melting point 
with water, the gel forms. The c.xact 
temperature at which the material gels 
depends on thr. inniccniar weight of the 
fully acid fruin wiiieh the niunnglye- 


72 C » e N OCT. M, 19 5 7 


eride is derived and on the piiri^ 
the monoglyceride, They pomt out tl 
mrinolaurin does not gel but 
pabniUn does. , 

Additives can prevent gelat^^ 
say, with triglyceridea showIng,.b„ 
as much eSectlveness as diglycx))^ 
in dobig the job. ' 

Brokaw and Lyman told of tholLo^ 
development at the American«;6 
Chemists Society meeting bs Cmc'^ 
last week. . r 

■■■"I, 

More Polyethers Coining 

Carbide heads for moreMl 
the polyurethane raw niatt 
rial market with ppopylMl 
oxide-hexanetriol addu' 

This webk, Carbide announced^ _ 
new polyetliers-headed for the pdig 
urethane market. Dnrbig 1957, 
price pulyethers made strong dent^ 
polyesters' relative share of the 
thane foam market. 

Carbide's entry is not unexL 
(CAEN, Mar. 25, page 96). Its dlbS 
2023, selling m tank cars at 25 cenD 
per pound delivered, is one of the don 
inant polyethers bi today's marlci 
However, it is generally used j 

cross-lbiking agents of higher function- '.^ 
ality. 

The new series is designed to tvolc 
this extra step, Each is a propyleni^ 
oxide-hexanetriol adduct, with moI» 
lar weights ranging from 700 to dOOOlj 
Tank car prices are between 27Vt • 

38 cents per pound. Carbide has com 
up with a new trademark for its < 
thane industry intermediates-Nlax. 'id 
also will market glycerol adducts of 
the same molecular weights. 

The -1000 and 2500 molecular weight 7 
polyethers are Intended for soft foams 
and flexible cushioning. The 1500 poly- 
ether can be blended with diols to 
Form cushioning. Perhaps especially 
significant is the 700 molecular weight 
material which makes rigid and semi- 
rigid foams. It can also be used for 
coating. 

Wyandotte Chemicals and Dow are 
the other two of the big three major 
polyether suppliers for urethane foams. 
However, several other companies iiuy 
be ready to enter the field in a big 
Waj . 

One of llicse Is Jolfcrsnn Clicmic.i! 
wlio pl.ins to produce propylene oxide. 

Willi lliix, Jeffer.xnn is a likely prospect 
to nller polyethers 'onn 

(Coiillmii'il (III /iiiilr /.W) 
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W ACRES auitabla for raacarch lab*,— 20 mllas 
North of Chicago (Nortbhro^). 

H. R. Allay. Northbrook, lUboU. 

rOR liUbE Modarn re- 
search laboratories acd pilot 
plant. Fully equipp«d for 
dru 9 and biochsmical rs- 
search and development. 
4,000 square feet in modem 
office building centrally lo- 
cated on Ms^attan's East 
Side. Air conditioned. Must 
be «een to be appreciated. 
Principles only. 
s.» tn-H-io, c. a e. n., e.iUk, Pa. 


CtlEMICAlS 

(Conllmied from page 72) 


Werner O. Smith, Ine., Is now making 
a new wax known as Hywnx 135. The 
fatty alcohol ester is heat stable and 
changes color little when heated to 
554’ F. Company says stability is 
partly due to product’s low iodine num- 
ber and higli purity. Uses include lu- 
bricant for plastics, te.xtile finishes and 
processing aids, superfatting agent, rust 
inhibitors, wire-drawing compounds, 
and lacquers. C I 

h CK is producing and making avail- 
able methionine sulfone, methionine 
sulfoxide, a-methyl methionine, oxy- 
thiamine HCi, a-ketobutyric acid, 
4 - ethoxypyrimidone - 2 (4-ethoxy - 2- 
hydroxypyrimidlne). C2 

h Stein, Holl a Co. is now making a 
complete line of vinyl pyrrolidone poly- 
mers and copolymers. C 3 

h A new cheluflnB agent, Sole-onic 
CH50, is commercially available from 
Sole Chemical, Sole says the agent is 
designed to operate in very liigh pH 
systems with longer than usual seques- 
trant life. C 4 

► Pelronate CR Is a dew rust provdntive 

agent made by L. Sonnebom Sons. 
Company calls It a universal rust pre- 
ventive, pointing out that the agent can 
be used interchangeably with a variety 
of different carrier oib. C 3 

hA new phenolic retIn, designated 
*3725, for use in can linings, I: avail- 
able from Allied Chernies* & Dye's 
Barrett Division. Product is bastd on 
a modified phenol, Barrett says, and is 
oil soluble and nonreactive to heat. 

C6 

h FMC Organic Chemicals Division is 

making available in development quan- 
tities methallyl alcohol (2-n)elhyl-2- 
prapene-l-ol ) . The new chetrlical has 
use in organic synthesis and in the resin 
and plastics field. C 7 

► Dow Corning introduces Silasdc RTV 

SCI, a new room-temperature vulcanir- 
ing silicone rubber that the company 
recommends for encapsulating electric 
and electronic parts and for general 
patting, sealing, and caulking applica- 
tions, C b 


h Cllroconlc onhydrldo, a low mol^ 
lar weight liquid, is introdund k, 
Chas. Pfizer's commercial developo{2| 
division. Tire liquid anhydride is a,|^ 
able in research and pilot plant 
titles. Pfizer says initial testing 
the product Is promising In ce^f 
epoxy resins, preparing polyester rejS" 
and serving as an intermediate, 

h Now England Nucloor Cerp. 

comihercial use tritiated progest^glliBjo 
]6-H* at 1.8 miUicurics per mg. ';QG||ft 
pany say.s tlu's high specific - 
greatly extends the detectable riqjSSL 
progesterone in biological sysietuBH^' 

h Notional Alumlnoto Corp, is mui|B|r 

Ing three new chemicals the comply,', 
says appreciably simplify cleaoing-^- 
boUers and Industrial c<|uipment.. 'Ofianr 
' Nalco 85, is alkaline in nature and cinr 
be applied to an operating bailer, . t fitj.'A 
clean 66 and 68 are cleaners for ii>iM|l 
trial process and heat exchange eqifiMfH 
ment. Both are blends of organic'iSFi' 
inorganic acids. 


k Nero-ZInc Is a new green solution to 
produce deep, lustrous black finishes oo. 
plain zinc, die cast, or zinc plated parts 
in 10 to 120 seconds of immersion time^r. 
depending on the temperature of tfasr 
bath. Wagner Brothers, which formn4- 
lates the solution, says the product'- 
gives finishes with no Increase in di- 
mensional tolerance on the treated 
parts. Possible uses: for camera or ’ 
instrument parts where nonrefiecting 
surfaces are needed; for identificatlan'^' 
of small parts where a number of simi^ 
lar ohes are handled. C11, ' 

k A. L. Wilson Chomlcol Co. has a liq-' 
uid preparation, called ExGo, that re- 
moves x-rey and photo developed stains 
from clothes and linens. The company - 
says ExCo may be used un nil fabrics ' 
and most colors, C 1 3 

k cIkosoI ns, a pale, nonvolatile 
naphthenic type oil, lias been developed 
by Sun Oil tor use a.s an oil extender in 
making pxtrcmely ilght-colored buta- 
d,l 4 ne/styrene copolymers. Siin recom- 
mends the product wlicre minimum 
staining and rninimiim cnlor migration 
are important to the end Use of the 
finished rubber product. C14 


Further useful information on 
Iteyod Chemical items men- 
tioned is readily available , . • 

Uie handy coupon on page 86 
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imiUiti to llif.s.ifi'K (•(fiiti Is thu plant 
iiiiiiiii(!er, His cvasoii.t? In any manu- 
(atIurliiB enterprise, production Is tlie 
ina|nr risk area. 

The plant manager is "Mr, Com- 
p.my” to most employees and to much 
of the general community, Hannen be- 
lieves. He is the one who hires and 
6res. promotes and demotes, "gets 
along with" (or "figlils with") the 
union. But, he is also the man who 
gets to the scene of an accident right 
Itehlnd the fire brigade, visits the hos- 
pital-and perhaps the widow, His 
responsibility it to operate a safe plant 
^ -and operate at a profit. 

•' • Nothing will do more to develop 
;^and maintain a supervisor's awareness 
'^ of the importance of safety than man- 
^ agement's demonstrating sincere inter- 
^•est in accident prevention. What can 
K management do to keep accident pre- 
^'vention at maximum effectlvenessP R, 
^|H. Albisser of Merck saysj 

•The board of directors can regu- 
i,|j”'Jarly review company-wide safety per- 
|in.. formance. 

® • • The president 'can personally re- 
arview every accident involvinij serious 
, injur)' or large lost. 

•Top management can let people 
.sfknow that it's sincerely concerned with 
'rt' their safety at all times. 



l^ibbs Enshrined 

Ex-Prasident Hoover lauds 
Joslah Willard GIbbi and 
George Wetfinghouse 

ossan WuxAiiD Cibbs, generally rec- 
“liaed at one of the great creative 
ihites of all time and probably the 
itest this country has yet produced, 
^ enshrined on Sunday, December 
iein the Hall of Fame for Great Ameri- 
^ George Westinghouse was simi- 
ly honored. The two bronze butts 
the 85th and BOlh to enter the 
|l'?®**'^oot open air colonnade on the 
university Heists campus of New 
'''^ork University. 

Gibbs, who wu professor of mathe- 
itieal physics, at Yale, is the second 
. . the Jfall of Fame to be recognized 
j^pose work in chemistry and physics. 
P Joseph Henry, one-time president of the 
^ -^^ational Academy of Sciences and 
’'•■secretary of the Smithsonian Institu- 
lafs 


liiiii, was m liunuiiMl fur his work in 
Ihc Siiinc Helds in mio, 

Detlev W. Brnnk, president of the 
National Academy of Seipnccs, com- 
mented after the unveiling of the Gibbs 
bust, that Gibbs' high adventures in 
the realm of the mind and spirit led to 
vast practical uses of his physical chem- 
• islry throughout modem fndu.stry. 
Early in his career, he became inter- 
ested in tbermodynaniics and tlie rela- 
tions of heat to other forms of energy. 
The most creative work of his career, 
a memoir entitled, "On the Equilibrium 
of Heterogenous Substances" ss-as pub- 
lished In 1876 through 1878. But 
while hit greatest work was done In the 
purest of theoretical science, he never 
lost his Interest In practical problems 
and his ability to deal ss’lth them. An 
exampit of the latter is hii patent on an 
improved railroad brake in 1867. 

Ex-President Hoover said the ac- 
complishments of George Westing- 
house, an engineer, were more familiar 
to him than those of Gibbs, who tauglit 
his specialty for 32 years at Yale. 
Gibbs was devoted to exploration in 
pure science and most of bis many con- 
tributions were made with complete 
indifference to their application. But. 
Mr. Hoover added, Gibbs' discoveries 
In pure science are the raw materials 
which engineers must transform into 
useful aids to living for all nunklnd, 
and many of his contributioiis add im- 
portant comfort to our lives every day, 
Westinghouse, said Hoover, was a 
rare combinalJotf of great inventor In 
the mechanic^ 'field, great manufac- 
turer, and great business executive. 
During hit lifetime, he was granted 
301 patents, an average of one every 
month and a half of hfs working life. 

The bronzes of Cibbs were made 
passible through gifts from Yale Uni- 
versity and the Ameiucan Ckemical 
S oCDCTY, In addition to the principal 
fund, conlributions came from Ralph 
C. Van Name, local sections of ACS, 
Eisher SdenUBc Co., M. W. Kellogg, 
the National Academy of Sciences, the 
American Philosophical Society, AAAS, 
the American Academy of Arts and 
Sciences, and others. 

The Westinghouse bronzes were 
provided for by a legacy to the Amer- 
ican Society of Mechanical Engineers 
from Hemun Westinghouse, a brother, 
AIIE, American Society for Engineer- 
ing Education, Engineers Joint Coun- 
cil, Westinghouse Electric Corp., and . 
Westinghouse Air Brake Co, 


industry i BUSINESS 

Wyandotte to Build 

Propylene oxide plant will 
fill captive needs, leave 
some for outside sale 

PnOPVLEXE OXIHE CAPACITY in the 
U, S. will rise early In the .second quar- 
ter of 1958, when Wyandotte Chemi- 
cals plans to bring a new plant on 
stream at Wyandotte, Mich, It will 
also ma^.e propylene dichlorlde nml di- 
chlorolsopropyS ether. Wyandotte has 
been making the compnuiul on a pilot 
scule for captive use, has also been buy- 
ing a gnotl deal of it on the outside. 
With the new plant. It will be able to fill 
its needs, sell on the open market too, 
This will make Wyandotte the third 
U. S. firm to offer propylene oxide for 
sale; Dow and Union Carbide Chemi- 
cals are the other two. Celanese Corp. 
was in the 'market but withdrew re- 
cently, The company says it's sUII In- 
terested oq a long range basts, how- 
ever. Jefferson Chemical plans to make 
the product at Port Nechei, Tex. 
(CAEN, Nov. 26, 19S6, page 5812), 
with production to start early in 1959. 
Jefferson wiii iiave captive uses, but 
plans also to sell on the open market. 

k Foama lack taalail. Polyure- 
thane foams look like the fastest mov- 
> ing market for propylene oxide at the 
moment. Wyandotte's captive uses for 
the chemical include its Phironic and 
Tctronlc polyols', which serve both as 
intermediates for polyurethanes and as 
surfactants. 

In October, Union Carbide an- 
nounced (CAEN, Oct. U, page 72) 
four new polyetheri for urethane 
foams; they are propylene oxide-hex- 
aneMoI adducts. And Dow hat Just 
started volume production of a new 
family of trihydroxy polypropylene 
glycols, a apeclal grade of which U be- 
ing develo)^ for use in urethanes. 
Other uses for propylene oxide in- 
clude mildng synthetic detergents, pro- 
pylene and polypropylene glycols, and 
oil emulsifying and demulslfying agents. 
Production data for propylene oxide 
and Its derivatives ore a bit spotty. 
However, the Association of American 
Soap and C^v’cerine Producers, quoting 
tlie U, S. Tariff Commission, gives an 
average production of roughly 7 mil- 
lion pounds a month of propylene gly- 
col for four of the first nine months of 
this year. Data were confidential or in- 
conclii.sive far Ihe other five months. 
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More Aryl Mevcaptcms Possible 

Pitt-Consol d»v«lppii haw procau that takes aro< 
mafic marcaptonavout of spacialty ciau 



AnOTBEK SraClALTY PHOOUCr oioUF 
!j beaded (or volume productioo-tlM 
aryl mercaptans; thiophanol, tUocrf 
sols, and tbbBcykoolj. 

Pitt-Cooiol Cbemicali, nibsidiiiy o( 
Pittsburg Conioltdatian Coal, toned 
the tridc widi a new ptooau. MS to 
the pilot plant itage, it U baaed on 
extraction (rom petroleum matxdak. 

In the past, aryl nprcaptana were 
made, in limited volumes, by various 
synthetic routes. Significance o( the 
new process: substantial price lednc*' 
tions in the final produd may cut one 
half to two tbir^ off today's price, 
which goes up to $2.65 per poun4 
depending upon the tbio chemical 
concerned. 

Pitt-Consol has plans to build a plant 
to make these themlcali. Butooaapany 
spokesmen point out these plana are 
geared to market devebpment work 
now in progress. The results bom 
these studies will determine the tima 
to build a unit. Any faciliHes added 
would be at the firm's Newark, N, J., 
plant. Aryl mercaptan capacity (thio- 
phenol, thiocresols, thioxylenols) might 
lie 3 to 4 million pounds s year. 

For comparison, today’s esHmated 
output, from synthetic sources, prob- 
ablv does not exceed 700,000 pounds a 
)car. Thioxylenols arc the biggest 
hiker, somewhere around SOO.OOO 
pounds a year. Thiophenol might run 
100.000 pounds, while thiocresols are 
less than that figure. 

Hence, Pitt-Consol’s new process 


*r if r'. 

■ -"'.ryu 

wU' obenge the production picture 
sharply. But what about end uses?. 
The company’s research and market 
development staffs are busy exploring 
poaaibilities. For example, the — SH 
group of aryl mercaptans, u compared 
to’ tin —OH group of phenols, is 
much more reactive. X.ab studies of 
tills — SH activity show it will react in , 
many and varied ways; forms thlo- 
ethen, S-acylatlon, ohlorinates to make 
sulfenyl chloride, condenses with acetyl 
or benioyl chlorides, and oxldlxcs to 
disulfides. 

And, quite important, adds the com- 
pany, is tho ability to alkylate die ben- 
zene ring-in tho past a difificult thing 
to do. And, when done, yields ran 
about 5071>. Now, Fitt-Consol believes 
it has a system which gives higher 
yields-uiuolly over SOT'a. 

Alkylation of the aryl mercaptans 
has several important effectSj^ adds the 
company: 

• Reduces volatility. 

•Moderates odors. 

• Improves oil solubility of deriva- 
tives. 

These properties should allow aromatic 
mercaptan derivatives to be used In 
the lubricating oil additivu field. 
Other commercial possibilities include 
uses as Intermediates to make dyes, 
pesticides, wetting agents, rubber ac- 
celerators, organometalllc compounds, 
and pharmaceuticals. 
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But which areas will hold the most 
promise is not clear to Pltt-Cunsul now. . 
But what Is quite clear today, adds the 
cam|)any, is that ,the aryl mercaptans 
will be out of the specialty class and 
into the big volume market. 


New Polyglycoi Group 

Dow Chemical has started volume 
production of e new fimily of poly- 
glycols. Known es ^e “11" series, 
thesb chemicals are trihydroxy poly- 
propylene glyools based on glycerol. 
They have three linear chains and 
three terminal hydroxyl groups. 

The series has five members: 11-80, 
11-100, 11-200, 11-300, and 11-400. 
The,nunier “11“ identifies the series, 
and the sooond number denotes the 
viscosity in oentiatokea at 100* F. 
Molecular weighta of the chemicals 
range from 700 to 5100. Frelimlnary 
testa todlcate the new polyglycols have 
e low order of toxlctty, Dow says. 

The new polyglywlt look promising 
es nitrocellulose pleiticlzars and ingre- 
dlents in hair oil formulations, accord- 
ing to the company. And Dow is 
developing e rpeclal grade (or use in 
urethane polymers. 

Polyglycols 11-80 and 11-100 are 
similar structurally to castor oil, Dow 
says. Thus they may find use as sub- 
stitutes for castor oil in many applica- 
tions. Being synthetic materials, they 
offer greater stability over castor oil in 
composition, price, and availability, 
Dow claims. 



kfatinHin't rubber anllexaneiiti are 

changing their names. Eostozene 30 
and Eastozone 31 replace Tenamena 
30 and Tenamene 31 for Identifying the 
2-octyl and 5-methylheptyl derivatives 
of ./)-phenylenediamlne, 

k Spenkel is the name of a new poly- 
urethnne.wies being made by Spencer 
Kellogg ant^ons, Tlie group Includes 
a one-compolk^ coating vehicle and 
a series of twa-cubwnent systems, one 
port tho prepolymn-, the oilier u 
catalyst. 

k Cowles Chemical is now prudiiciiig 
diuthyltiihianiide, a now Insect repel- 
lent ilevctoped by the Army .nid USDA, 
Cowles Is making the chemical with a 
minimum meta Isomer content of 93%, 
plans to make an 85% meta pi'ndui*l in 
the future. 
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Dow introduces 
5 newcomers 
in family of polyglycols 

Polyglycol 11-80 i 
Polyglycol 11-100 
Polyglycol 11-200 
Polyglycol 11-300 
Polyglycol 11-400 

• • • open new fields of opplicotions 


Sffer 11 series" 

^er their prede<^ors in the Dow family of poly- 

trihydroxy polypropylene glycols having 

moSJk^ “ri three tenninal OH groups in the 

i* 4’ * 

" serves to identify this new series, the 

j^ber inrhcates the viscosity in centistokes at 

■'to5iobfM*iSw^^ 

|Brth Polj^yool 11^ and 1 WOO have similarities to castor 
,^ou and, being synthetic nutoiak, offer greater stability in 
compontion, price and availability. 

polyglycol looks promising in 
;new Belck and apphcabops-as a nitrocellulose plasticizer, 
..m hair oil^ as a substitute for castor oil in certain applica- 
‘ hons, and m urethane polymers. 

■Preliminary investigation indicates Polvglycol 11-80 11-100 
S 11-200 serro ^efficient plasticizers for nitrowUulose! 
•F^s thw plastioz^ compare favorably in tlieir main 
clwractenstira- clarity, softness, flexibility, and tensile 
‘Strength-with films using standard commercial plasticizers 


^e higher viscosity (and higher molecular weight) mem- 
bere of this series, such as 11-400, show promise in the for- 
mulation of hair oik. The similarity of 11-80 and 11-100 
to castor oil points to their possible utility in hydraulic fluids. 

^ese^new trifunctional polyglycok are available in “Resin 
orade ako ai^ have aroused much interest as urethane 
mtennediates. The trihydroxy polyglycol urethane reaction 
u readily controlled than the diol reaction and higher 
values on foams can be obtained. Polydycols 
11-2W and U-300 (Resin Grade)-individually or in com- 
bination wth oAer polyglycok-shbw promise in the manu- 
facture of flexible urethane foams. Foams made with these 
polyglyirok can be formulated to give properties similar to 
foose of fom rubber. Because Polyglycol 11-80 (Resin 
Gi^e) is similar to castor oil in structure, it offers possi- 
biUties in the production of semi-rigid urethane foams and 
coatings.. . ‘ ^ 

More information or samples of our trihydroxy polypropv- 
lene glycok of the new "11 series" are availabirupon re- 
quest from Technical Service and Development, the now 
CHEMICAL COMPANY, Midland, Michigan. Or contact your 
nearest Dow sales ofBce. ' 


YOU CAN OEPEND ON 
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Jioltr 2r!:i;".s, fi’.Ttiwt 


i, 

4 *•* * ' 


7, 




Ur. 0, H. a-.m't 

Dii'octor o.f Re 32 ?J'ch 

Yhe 'OcnercO Tir»-i & Rubber Cenpemo'- 

Ala’or., Ohio 

iHj'ir Oil i 

Wo have- put Ralph HorVi^^tj, nho h.-us no:i finished hi.J 
djaoorUtion rcccarch, on the ^lob of making ooraa '’propjlcno 
Cx.id 3 rubbtir." You ran-omboi- v>a discxtsccd thio on my laub 
viait to >-.ATon. I aau rjoro enthuaiasti'e about tho pri.o/tlcal 
r.pplioation of thin thrui anything I htivs over uork .d on. It 
rhould tjkc uo only a fen niontisa to do tho nGCCu'jiM’y re'plor— 
atory rftooarch. I am t)isroforo ni*iting to ask vjh-'Uior you ro,n 
oppropriat; another CO-JOO.CO to us to covor this work under 
c ':7 existing contract. Tliis will provide for an incr.. in 
Herbat’s rtipond to full tiac at 0250.00 a month and cr-Ava 
rapplioe throv.Ji Augu:;t, 1949. 


CCP;fici 


Voiy truly youra,^ 
Cimrles C. Pi'ico 


lo 
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April 13. 1949 


I)r. CharlpB C, Prlco, Kwad 
Departeont of Chemistry 
\Jn5.VGrsity of Kohro UaEf^ 
lotro Daru® ^ Indlcjia 

I>3ar Charlloi ' 

CTiaak you very much for your rocs’nt letter reiinrc^r'^' tha 
•?ro,ylei,e oxide rubbor.'' I am vcjy ploaeod co^- 

ia.d ‘nco in its practical application, I have tnH'ccl ovof 
i'iiiancirj? this particular nork and our “ 
appropriating a Kaxinum of 

vlpO.^ lor t;iiD apodal vrork. ;7h8n you next cono to Akron 
ically.^^"^^^" paynent mor* ^padf- 

Franniflco and hop? that yor« 
trip bast to tho Y/oddin/j was enjoyable, ^ 

Wj are hoi^ful that you will ba able to coia* to Aki-on in 
yo^r’^pllnsf'^^ appreciate come word rof^ardi^^ 


Tours vazy tnHy, 

THE GKWKRAL TIRE & RUJ^IKH CO 


Q, H, Swart 
Director ox' Research 


QHSimr 
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April 19. iy<i9 


— S«rrJQr.:C.. CI-’^rioF' 

^Joct; Propylene Oxldo-Pontaorythrltol Fclymor 

Summary: /Pvt-tvc^ 

• / 

A Tiecous.broun polymer has been prepared by. 

(1) e proeeure reaction at 140-ltc° (*^ 0 fc JL) 

(c) a reaction at room temporeture for throe 
daya followed by heating at 110-116° (<« 90 ^) 
la fl) and f£), 6.8 g.tO.OEKolec) of pontaerythrltol . 70 
00 . (1.0 Molea) of propylene oxide-(l.£) and about 1.6 g. 
cf eodlum uere ueed. About 0.6 g. of unreaoted pentaeryth- 
rltol *08 recovered from (1); but none could be obtained 
from an aliquot portion of (;i). 

Preliminary atudiea of the reaotione of fl) and (£) 
with varioua leooyanatea ora aummarlzed below; 

A- In Abeenco of Solvent 


Poljmer 

(i) 

(S) 


IPD 

hard, hr. 
polymer 


UCI 

herd, black 
polymer 


01 D 

waxy solid 


(11 


sticky bl, gum 
exes. MDI 

Freaence of Solvonte 

IPD 

acetone- hard, bra^^ol^^uM 

^ -chloronaphth- 

alene- - - rubbery materpi^ 

. diethyl phtL- 

alsto- - - 't 

in?' 

“o?i: 


ItDZ 

diethyl- aticm 
phthalate-. blkf^ 
gum 
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• i'i i ';Kj.'V-'5 ^ ; ., 

.i’,rt'.K‘Ot? . x-0;ij'j.ona C'-.'Ou-j’oiituci’jiArit.c.?. :uXy. ..74* 
u..u'l<w ( . ;m.co a.-iti ;'aj.i 4 h ' . 

,(.a' ..'otvsi .’.rnc 

■ .1 ■ - vy j 

.1 viucciys, hv(Mi !U4 bco!! !i'o;ri»>ja by 

Cx) a i:rf-.as . x*oaotion at 14X-IS0” ;J 5 ) 

& x*^uCt J ■v'’, tvt tc ’’.‘i’ wi-i *' *1 4 1 » 1 * -I 1 •» 

by heati-,’ at 110-115 (iAr/;) ‘ '“ 

( 1 ) aiiu (2), 6.3 z* (C.C!; .-.wlo) of . .irit-.a’*yli*u'xtr,l, 70 co, (l.Q •loiv) of 
..•<vyl,nio oxiclo-(l,a) a. u about 1.5 3. of oocli«., w..ra wad. ,Unt 0.5 ,j. of 

':...• -acted roataor;d;l.r.U;.l w.a recovurod fx-on (l), uut no:,o co'Od bo o'drairnd ' 
f.v>i an a l<:uot rorticD of (2), 

IrOilnini!'" stuuloj vf the faoLlons of a-'i! .tM i < 

^ or a,.(s (,s> i/.t . vui’icua .toocj'aswtofl 

j.’S u!X'i:,'Aj»i8cu iiolow* 


■ asyrxr 


A- Jr, .ibaorici,-. cf dolvont" 


hard, l;i‘o.tn hax’d, b'laok 

jolytAW* fiolyror 


aliclgr bl, am 
txe a, :ui 

li- In J iMsonc® of iiolvonta 


Vilify ooild 


ncoto-!®- hard, bro-vin roljiiiai* 
aohlororviphth- 

a 3 .or.o- - - mV her;- ratorJal 
‘•"otl.yl ,Hh- 

»•• . . . .,■ - I I ^> 4^ -1 «Ii M 

- .. uco 

* •• uttiy-oi.c-oi3-.\- j ..vl-aocyx-uto 

- — '•cuuiocyl 


dlot:i;;0- . at^toky 
ilitli&J l.u-~ iduck ipai 


/ 
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Progress Report 
April ^/l949 


Subject: 

From: 


Propylene Oxide-Pentaerythritol Polymer 
Charles C. Price and Ralph L. Herbst 
University of Notre Dame 


Summary : 


A viscous, brown polymer has been prepared by 

(1) a pressure reaction at 140-150® (N 85%) 

(2) a reaction at room temperature for three days 
followed by heating at 110-115® (N 90%) 

In (1) and (2), 6.8 g. (0,05 mole) of pentaerythritol , 70 cc. 
(1.0 mole) of propylene oxide- (1,2) and about 1.5 g. of sodium 
were used. About 0.5 g. of unreacted pentaerythritol was re- 
covered from (1) ; but none could be obtained from an aliquot 
portion of (2) . 

Preliminary studies of the reactions of (1) and (2) 
with various isocyan tes are summarized below: 



A- In Absence of 

Solvent 


Polymer 

IPD 

MDI 

OID 

(1) 

hard, brown polymer 

hard, black 
polymer 

waxy solid 

(2) 

II 

11 

sticky bl . gum 
exes. MDI 

It 


B - In presence 

of Solvents 



IPD 

MDI 


(1) 

acetone- hard, brown polymer 

diethyl- 

a chloronaphth- phthalate 

alene- - - rubbery material 

sticky 
— black gum 


diethyl phth- 
alate - - - " 

It 

* 


IPD - Toluene-2, 4-diisocyanate 

MDI - Methylene-bis-4-phenylisocyanate 

Oip - Octadecyl isocyanate 


I. 
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r» 4 « '• .* . . t'- T 5 .^ . r ^ / T O \ __“r. " *. *• ••> |\ •.! V* ^ 1 '••' ^ ' .’ •• *J *7 * ■’• ••* 

CuJ,;'Jv-u; I j- j iC/ / •*'« 's'-A W.W. w 4 . w'-- « w V.*.,. .. ^ ^ 


C.My' T/^ •'**tr* 


Polyrriars L^vo 'oocn r;.2c!.o uains 

(a) GonGCiiti*a'icd suliM-ic ocicl ca c'ao'.’.l^cv. u.'/lui* 
a, propylene onidod.Sl-pcntaGry^nritoi nolcr 


ratio oi' 2C to 1. 


Cb) Qodiu'n 0 3 catolyat ualns a prop^rlcns o::ic.o-;i,2)~ 
pcntoorytliritol ii:olor ratio of ICO to 1, 

(c) The reaction ol (e), (b), and propylene onicc (ifS) 
polyaera, roepecti^’oly nlth Ciiaooyanato conpounda has boon 
studied, 

(a) Suli'uric Acid as Catalyst 

yith Eodiura os catalyst, the reaction betv.'ocn nrcpylona 
oxidod.P.) end sliphstic clcohois has ocon reported to prcduco 
secondary alcohols of the iroliowins type; (1) 


,. CH.-CH - o~R 
OH 




Vi'hen acid catalysts such as boron trifluorido and sulfuric acid 
are used, a mixture of primary and secondary alcohol-ether dcrlV' 
atiVGS are formed. (2) Ifc aeemoi iesirable , uherijrere, to in- 
vcetisctc the polymer produced v;ith sulfuric tcid as ct lelyei. 
U£ir.£, jiopylene cxideCl ,2 j-pcntccrythritcl in < mole:; ratio of 
EO to i and c sm«ill amount of sulfuric ccid(ccnc.) rosultou i;; 
the formation of c dcrl: orev.-n, sticky pum (y) which vun: olifhvr.y 
soluble in dioxeno, jnoderately soluble in l;-i.iethyl morphdi...: , 
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ur.d in£:oiu.l'lc iri nuvn'ber of Oulicr or^’Wiic Ecivoirl; j. 'irji roi-o'l.ioyi. 
OR uW’oc-::. ( v ;dii:j:olvc'.l iii, fi- laaviiyi norpiioiivie ond i';OiU0 clii,'jocjc!.n:^tcj 
ccinpoundi (3) orod'aoei hard, bxittle pol;,r.''aor 2 . 

(blb’ai.i^ :?ropyia;a-3-0xido( I,21-?ont;aQryt:hriuOl Jiolnr rdi'odo of 
xoO uO -i. v/^ u}i >^odjLU.in 0 12 Go tafyou 

rtiion iiiolar rutio of fo bo 1 wiio uc."!-! , ths reculting poly- 
mer prodxiccci IdarcL, ’orittie mstorials upon roacticn uitia cliiaooy- 
enatea (3)- probably duo to r. largo amount of croeo-l in3:inj, fno 
polymer formed using a rabio of 100 :'n:)los of propylono o:<ido(l,0) 
CO 1 mole of ponbaorythritol else produced hard, brittle polyr.ors 
upon reaction with diisooyanatea (S) . The same roaction in the 
presence of diethyl phthalafco produced ‘a rubbery maboricl. 

(cj 'fhe Heaotiou between Propylene- Onide (1,2/ Polymors and 
Liisocyanate Compounds (3) 

Ciuce hard, brittle polymers were still formed asing a very 

large excess of prOiDyXene oxide (l,2j as compared to the amount 

of pentaerythritol used, the reaction between propylene cxido(l,C) 

polymer and diisocyanato compounds (3) was studied. 

, Abo at 0.5 g. of sodium was added to 40 cc. of propylene oxide 

(l,2i and the raixturo warmed gently. I'ho reaction mixture after 

(i) 

20 minutes of reaction and the brown solid polymer^'v/hich formed 
after one day both gave hard, brittle polymou-s upon trout:;iont with 
diicooyi natuj. i'ho same reaction uoing iz] dissolved on ilot'nyl 
pij ti:ol>,' to produced a hi.i'd, rubbery motoi’Ial, >• > 

^ kX j J uO •wo. 

coxvo ruouory materiel in organic solvents ii.vvo full.!.!. 
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rrg^u os j-snort 
"Ay 16,1949 


Subject, ivoiiaono 0;ddo (1.2)-rcnt;.oz-j-th^itol 

fr-,-, , C. rrlo« -.Mph I., rortat 
f.ravcrj.it7 or Hotro rsaite 


r / 


foly:.iyra !-iavo buesi nade ' • . 

W conoa„tr.tod a„lr.,rio aalU aa aat.Xyat a ,ropyl„na 
O/cido (-=s2)-, cnt,aervt};ritol molar ratio of 20 to 1 . 

■(b) aodda^ aa oatal;-at „alns a p-ropylo,.d oaldo (l,2)-pent.,ry- 
. thi'ltol -C‘lir I’atio of ICO to 1. 

(0 Tha Poacbl.„ at (a), (b). ar4 , roJ^leno coddo (1,2) 

. ^ roapdotlvdly ,dt!. dliaodj^^nata oa,po«,:d 3 has baon st„dU-d. 

(a; -ulfuj-ic iicici as Catalyat 

■ ■ ^ ■ ^ith sodto as a^talyst. tho rsaotlcn bstvsan ,„.opyl«„s 

M- s:.d aliphatic alcohclo has boon rc;s>rtod to produce sccondsiv alcohols 
Oa the follovdiif; tyre* (l) 

CH3«CII-cn2~0-ii K=M0,f:t,vropyi 

Cli 

add .outslysts sue, as boron trlHuorids ar-,d sulfa-io acid arc used, a 

siot,u-c ol ,,-ri.«.y and secondary alcohol-athcr derivatives arc for«,d. ( 2 ) 

it scorned doslrablo, feJicrsfoi^o, to invosti-ato 

» Anvosi;i,jatQ tl-.o /xjljT-ior irofiiiced with 

aulXurie acid as catalyst. Itota.; .-ropylcnc oxide (l,2)-pe.-rtaorythrltbX In 
a ...ol^ .ado of 20 to 1 and a s,;.oU. u.«.u.nt of sulfuric add (cone.) resulted 
In the fcr^natlsn a d.-u-Ic br=,,„, stlc.^ (y) *lch eas slld.tly colubls 
in dloxcne. moderately soluble in H-,, ethyl norpl.ollns. and local, .bio in a 

dVf„..r of other c..„.anio solvents, -rhe ronctlcn tatocen (y) dissolved in hw 

■«thyl .aorphollnc ar.d sor.o dllsocyarato c«f,,„r.da (3) produced hard, brittle' 
ixj3;v”;crs. 


#( * 
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(fc) Uciin 3 tt i'.ro|-.ylerio Cxitio (l, 2 )-rohtxx(ir;,^iIu*ltol ' .olcir itatlo of 
» 0 
Il' 6 to 1 with :.'odiu.:i as Cu.talyat. 

• lion a rtcioi* i*afc5.c> of 20 to 1 viio usodj tho rcaiutlnj; polj'm r 

T 4 ‘cduced hard, brittle -..jitcria].,-} upon reaction with ciiooc.v-arutoa (3)- j robably 

« 

«va to a Largo anoimb of oross-lir'.kiiig. Tho for.T.ca :.ain 3 a ratio of 

ItO r.olc;3 c.f -ropyiono oxlclo (1,2) to 1 r.olc of pcntacr-*t’:rit'. 1 .-.Iso iToduced 
Karri, bi'ittlo lOly.iera u,'on reaction with dilsocyaratcii (3)* 'Hie sam roaction 
■h\ t!‘.c prosonco of diothyl ri:itl';al^ito j;x*ociuccd a rubbciy .-atc-.'ial. 

(c) Tno Moactlen irotylone Cbdcio (1,2) ulr.T.ca's and 

rlji^ocyanato Co-np-oiuvls (3)« ■ 

• dinco hai‘d, ’.adttla rolyi'^ra were still forwri uslns a very 
l.;a'Go excess of i.rojylG,va cxido (1,2) as co.ipored to the a.'.ciint cf rentaory- 
t<a*ito-l nasd, the reaction betwoon rropylcne oxido (1,2) poyir,or and diisooyanate 

• C6:’4eunds (3) ’,^3 .studied. • 

About 0*5 g. of aediua was added to 40 cc. of pi'opyleno osdde 
(1,2) and the niixtiirc war.-, ;txl gently. Tlxo reaction j;d:ct’.U'’o after 20 lainutes 
of reaction anti tb.o brow;: solid j clyeier (a) which roi’;;i«d after one day both 
gavo hard, bi*ittlo pol;/::ai*3 upon trcatip.ent v/ith diisocj-anates. ‘tho sana 
raacblon using (a) disaolved in cliflthyl phthalato produced a hnrd, rubbery 
yysitorial. hU attewpdis t-. dissolve this rubbery .•aaterial in organic solvents 
Ittvo failed. 


.l®rerencoa s 


(1) and (2) .-v. a. fotrov (TashUent .^vicition Ir.nt.) Gen. Chen, 
(ii..;.:;.'i.) 14,1C0:W»3 (19.\4); iUd. lb,l2C6-12 (1946) j 
C. -V. 3051 b (1947). 

(3) Toluono-2,4-diisooyanuto, r.othyloriO-bia-/t-])hor.yl isocyanate. 
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O, „ v* _ ^ 


TI ' O : 






4 - 




^ ^ T **^ 0 '' jV " OTiO 0 *» l . wC <“* © 2i ^ sA 0 I - w 0 i 

* • — "*• * * * * / ** 

/ ' 

Susmary;- 


(1) A TDaririeci P, 0* -P. polyi-or oir nolcr t^/cz.o ^ 
HOO**to— 1 V .03 found to iavo a nolccular v;c-..c;r.t 
of Sd-C os detorminod cryoccopioaliy. 


(£) P.0.-P.3.2. polyniora ho.va bocu "d c-ionincc-." by 
paesdse fii-'ough A’aibsrPite czC'vanse rcs-incv 


(5) fho reactio:: botu'ccn 2.0. -P.S* f* pclj^aors cue 

anaydi'cci 0 coLipouno.a bes 'ac^iu SuUCiieQ uorre^ ou-nwi"" 
tEtiVGly. Approxirr.Cocly 3-<i: p^i-'ca oy \'oig,ht of ^ 
P.n 1 ' '.lolYiacr roacw v;i'ih ono pai'v oy v.'ei^j*n'o 

of snhydriao compound. ^ 

(4) PotDiis of tho preporcoion of/P. 0. -P.ii. 'i'» polyuai'S 


of niolSiT jfciio Ox xC0“^o—ona end iO“"uO"'l circ gxvon. 


^ 




/ 

'--v 


(1) iiuleoulsr V-oisb^ pr.o-mlnotion of 20Q-^o-l Polyucr 




Tae cryoECopic icathod described by Shriner {‘Qusn'CxuSoivo Or- 


ganic /aialyais'’^; p^. 64) was employed using redistilled dioss.no ss 
solvent, i'he dste ere sunnisriaed beiovi: (Xa 4.7) 


\7t. of sampie(e:.) \Vt. of solvent(^s.) 


0.T 


i'OV 


0.064 

0 . 1£1 


SJ0 . 66C 

Tt 


0.089 

0.057 




6 £6 


(X^. 


{£) Preporation of **PGlonlged'' P.O.-P.S.P. Polymers 


About 1.0 g. or the p.O.-P.E.T. polymer (both 100-to-l and 
lO-to-l were purified in this marmer) v.as dissolved in 50 cc. of 
rodistilled dioxane. 'rhis solution nos allowed to pens drocv.ise 
•through a column (l.b cm. x 8 cm.) po'tjhca with Amberlite lE-ICC-X 
at atmospheric preesuro in about. IE hourc. A smell poi-uicn of fhe 


•i 


*/ t'\ » 
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cLic:;anc aolutioa v<cs snairen cic'ciiica v.ator; the ooucous 

layer v.ca coiaic to litjrius. The soiuticn voh thci; r-aoi-ca through 
the EahiO GOiUK;n contciiiing Anherlitc IR-4B in the rcnrce of c'oout 
8 hours. After ehakihf^ o ssiail portion of the dionano solution 
with wotor tho aqueous, layer was found t-o he ne'atrcl to litivas. 
The solution was then subjected to vocuua distillation and that 
portion distilling up to 45°/ £ rrsai, was discahdccl. The residue v.aa 
used in tho reactions with c-nhydride cosnpounaa. 

(S) Reaction between P.O.-P.S.T. Polj-ners end •c:r;'.f.o Oor.pound;: 


Quantitative studies v/ex'o asde of Iho roaotion oetv.e.jn P.O.- 
P.n.T. polysiorz snl anhydride compounds. The amounts of anhydride 
compounds \7hioh gave tiie best rubbery char.'i!C: terist L js ere record-!’ 
in the following table: 

2. 0.-2. 2. 2. Poly. Anhydride Oompd. Reaction Ti.r.c- IVt 

Vi 1 1 ,i3.nhyd • 




crude lCO-tc-1 

succinyl chlor. 

126-130°; 

£4 

hrE, 


16.4010 g 

4.2033 g 

146-160°; 

43 

IT 

3.92 

lCO-to-1 ("doion. ’0 

sue, enhyd. 

125-130°; 

12 

11 


0.612V g 

Ji, 

0.1616 g 

145-160°; 

24 

n 

3.80 

crude-/10-to-l 

succinyl chlor. 

12£- 130; 

12 

hre* 


2.6300 g 

1.0379 g 

145- 160; 

24 

If 

2. 72 

^0-to-l (''doion.") 

^leic snhyd. 

125-130°; 

12 

T» 


'4.42£3 g 

/ 1.4673 g 

145-150°; 

24 

11 

• 

O 

CD 


Thus abort 3“4 parts by weight of P.O.-P.S.T. polymer recct^with 
one part b*" weight of anhydride which is interpreted as meaning 
there are approximately 4 OE groups per mole of P.O.-p.e.T. poly- 
mer^assuming an average molecular weight of about 6£C. 
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( 4 ) ri%;pc r>,C. “?o 2 . T. roly;:v&x?, of i2il2ij2 iCO-wO-l 

OHO IC-to-^1. ‘ ~- -'^ " ■ ■ " — 

Tho qusntitio:: of I'coctoiiita used to proporo those polyr/.ore cro 
'riven be low: 


P.C.-p.s.T. 

lO-’to-l 
ICO -to -1 


sodium (sJ 


P.O. (ec.) 


70.0 

»» 


P.E.T. (s.) 

12.6 

l.*i- 


iUG reac t-ions xczdo carried out in c. steel preccuro bomb. 2hoy pro* 


eressQd as follows: 

P.O.-P.E.T.- 10 -t 0-1: Yiold^VCjL. 


Time (hrs. I 


T, (°C.) 


Press, (p.s.i.) 


20 . 

48. 

56. 

one v;eek 


140 
14 7 
142 
room 


ctmos. 
110 
600 
420 
410 
280 
220 
<ol 5 
210 
310 
290 
180 


P. 0. -P.E, T. - lOC— to-l.' Yield^ 7ifo 


■ 0.0 
0. 5 
1.0 
1.3 
1 . 5 ^^ 

3.0 

5.0 

8.0 
10 . 

18. 

£ 6 . 


room 

95 

120 

Ui 

150 

150 

160 

160 

163 

160 

160 

160 

room 


In both runs saseous products at room temperature were forced. 


^ (Z^t^ . / f 
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Projyooa Uep oru 

Proyryleno Oxicio ~ Fonjh uorytl ir :lt ol Poli^TCor 


CunyTary 

(1) A purified P.O.-r.fi.T. polyjnor of molar ratio 200~to-l \)a3 

Tourid to have a molecular weight of 6?40 doterminod eryo- 

scopioally* 

(2) polj'!nea:'3 have been ’'deioniaed" by passage throa:=;h 
Amber llte ^occhango roalns. 

(3) Tlie reaction between P.O.-P.E.T. polymors and wihyclrido com- 
pounds has boon studied more quat'.titaiivoly» Approximately 
3-4 pai'ts by vioiglit of P»0*“P»i''.T» polymer react With one 
part by vjoig.it of anhyilrida compound. 

(4) Details of the preparation of sodiwi-cataljr.cd P.O.-P.E.T. 
polymers of molar I’atio of 100— to— 1 and 10— to— 1 are givon. 

An unidontii‘iod by-product, gaseous at room temperqtui'o, iwas 
gound in each case. 

(j.) rolecul^tr Vieirht Determination of 2Q0-to-l ^ol^TOer» 

The ci’yoscopic method described by Ghriner ("i.uantitative Organic 
.aialysio"# p. 64) w’as employed using redistilled dioxano as solvent. The data 

OA'e Qu:amai*izod bolovM (K s 4»7) 

Wt. of sanple (g.) b't. of solvent (g.) A_T 


0.064 

0.121 


20.660 

It 


0.029 655 

0,037 ^ 

Av. 640 


(2) Preparation of "Dolonized" P.O.-P.B.T. Polymers 

About 1.0 g, of the P.O.-P.E.T. ’ polymer (both 100-to-l and 10-to-l 
W3V9 1 urif led 'in- tills maiiiner) was dissolved in 30 co. of redistilled dioxane. 
This solution "Was allaved to pass dropviiee tlirough a column (1.5 cm. x 8 cm.) 
F-acked with Krabcrlite lil-lOO-H at atniospherlo pressure in about 12 hours. 

A u'.all portion of the di.o:<an3 solution was slakon vjit'i distillod water} the 
aqueous layer was ai-id-'O 'to 3.it''U3. Vl-.e uoluvion viho then passed throu'-.h the 
sr.iiio column containing .vnberluta 111-40 in the coui'oo of aliou't 8 hours. 

Artur ahaklng-a SiijftU portion of th-.- diox-ino solution witli water the aqueous 
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wus found to, be noutral to lltmua. The solution was t!',en eubjoctod to 
ViOim ciicitillation and that portion distillinc up to was diocarciod. 

j.j'iO residue was uaod in t}io roactlona with anhydride co.’npounds, 

C’) IktriLCt-ion Ikjtwaen P«n «!rP«H«T> roliy-nera and Ariwdrida Cc .-iri oimd s 

Cluantitative studies were made of the reaction botwoon r,0.-P,IC.T. 
T.iors and-uh^ydrido 'ocKipcunda, Tho ar.iounts of anhydride coiipounds will oh 
i'.ve the best rubbery cl luract eristics are recorded in tho foilowiii,'; tablet 



O.-I’.E.T* Poly. 

jinhydrids Comnd. 

Rd'iction '.'M’in 


lUo lOO-to-l 

16.4010 go. 

oucoinyl chlor. 

125 - 130 ° j 24 hra. 

i« H n J e V..' p** 

•.■t, , n'-iyd 

4.2033 g. 

145-150°; /tB » 

3.92 

0-to-l ("doion,”) 

0.6137 s. 

succinyl anhyd. 
0.1615 g. 

125 - 130 °; 12 ' '• 

145-150°; 22^ " 

3.00 

■-uie 10-to-l 

2,S300 g. 

succinyl chlor, 

1.0379 g. 

125-130®; 12 » 
145-150®; 2.4 " 

2.V2 

-to“l ("doion.") 
4.4253 g. 

i.tiloic anhyd, 
1.4673 g. 

125 - 130 °; L2 " 
145-150 '; 2/4 , '• 

3.00 


y T‘;’mu about 3-4 parts by weight of P.O.-P.S.T. polymer reacted with one jart by 
..nl/jht of anhydride which is inter] retad as moaning tlicro are apj:roxiTiately 
4 OH groups par mole of P.O.-P.E.T. polymer, assuming an average molecular wei^^ht 

" /C'^ ~ 

(4) I^aratiqn of r.0.^1\E«T. Po l ^nnera of ^?olar Ratio lQnu.tn ,1 and 10-to-l 

Tho quantities of reactants used to prepare these polymers are given 

bulowi 

3pd3.um (g.) P.O. fcc.i n. m ^ 


P«0« (cc.) 


P.;].T. 


10^tO“l 

lOJ-to-1 


70.0 

n 


Tlio reaction:! were carried out in a steel pressure bomb, Th.o 
foro o'-'fl I 


13.6 

1.4 

jy progressed as 


— * 
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P.O.-r.KoT. lO-to-l; Xield, 70;$ 

'■•’I'lia (hr3«) 


Presfi, (r. 

0.0 

21 

atmoo 

0.5 

99 

no 

0.8 

135 

600 

1.0 

150 

420 

1*5 

' 154 

4 io 

3.5 

152 

330 

14. 

1/4 

320 

27. 

145 

315 

3ri. 

145 

310 

40 . 

U7 

310 

56. 

143 

290 

one week • 

4oom 

leo 

r.0,-P.ii:.T. - 10O-to~l! Yield, 



0.0 

room 

10 

0.5 

95 

50 

1.0 

120 

120 

1.3 

145 

235 

1.5 

150 

200 

3.0 

153 

180 

5.0 

160 

170 ’ 

8.0 

160 

150 

10.0 

163 

140 

18.0 

160 

no 

26 . 

160 

100 

33. , 

160 

100 

44 * 

room 

40 


In both xnms gaseous producto at room temperature were formed* 


t 




Ralph, L* Horbat, Jr. 


Charloa C. Price 



liotre Dsune, Indiana 
3 ikUguat, 1949 
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Polymers 
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Charles Price 

To: General Tire & Rubber Co. 

Dated: October 24, 1949 

Pages 795a to 798a 
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To ■" — C-» — C-w — P-JT-i^S-C 


• .‘ / 






SUMMARY REPORT 


Propyleno Oiide Pentoerythrltol Polymers 

QU.Ioot j^ - 

trM Prepsro propylene oxide f l^r'l-pentsorythri- 

polymore end to study their reactions with dii'o 
xyonotoe end enhydrlde oompounde in ord»? to obtM;? 
prodnete hevlng mbter-llfco oharaotorreUcD! 

Summery/ 

expienatioas are given of the methods 
used to prepare propylene oxide i4^V&i-pentoerythritoT^ 

fie cetJlyEtB''ft^(a)''at^''‘^ trifluorido Jtherate 

preseuie? J pressure and fb) und-r 

and tS; optimum c?nduLnr?o\‘"? techniques used 

fluoride etherate ea calalia'rS^J^r;,''^?’* 

Besgents 

la.»,adff?f^Hlf^lii^l!““?§“ ’"iVnt rediatilied. 

dek v?hite label J was need without ^ ^ . X ^ri^toj. (Saatmen Eo- 

wee cut and cleaned immodiptelv bP-fir- Purification. Sodi um 

wea Prepared by caasinA iesLSf ; 

throuBb anhydrcua ether ht-epp1o”Ii^ire^r-ioJr4“-erir-f.oo. 
App ar a tus 

A j iioniub.” Eor the nreTonro >«r. /»<•< 

dried , eteinlooe steel nrepcS^^r^ f redactions e loo-ml. cylin- 
to 800 P.e.i. renee) ’>ith a gnug-o (0 

etend lo.ooo p.ea: ' »se rated to with- 

The glcasware and virp<! 5 fnv_> iiz-ivnv 

at 106-llco end then fliued dL trLeuJe ““ “"a 

^ ^rj to insuie o^«hya:^s conditions. 
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Atmospheric Pressure • Eeactione ♦ ' • 

For these reactions 140 cc, of propylene oziio '.ves placed in 
a ZOO-inl. throc-nocked flask equipped -^-ith o thermometer, mercury- 
sealed stirror, tnd a lefluzc condenser (60 cm. ) . At first grouni- 
£liE£ equipment 'ae e used, lut it v.fc£ found that the propylene oxide 
distolvoi both lubrieeal. ani Silicone sto^'cock greeaes v.hiO:: Viero 
jLScl. iitht ly-fitt ini r.sbler stoppers .’.rai^ccu in oiua&nam foil prove 
satlefactory . Then the eppropiete amount of pentaerythritol was 
added to give the desired molar ratio of P.0, end F.E.T. Low ott- 
elyst oonoentra tienc were used in obtain^^igh moleculer 

weight polymers. iXr~y — / 

Sodium fs t 

'jL'he above mixture wte coni* d to C \'’y an icc bath and tl.c- 
Ec<3iu:i. t.idcc' in eu.e 11 icrlicne in i] e ocursf. of about ten minutes. 
Ihe mixture was eilcvrei tc room teini-ora J.ure wit}, vigorous 

stiriing. Ihe mixture gradually heoeme more anu^more milicy end ct 
16-110° refluxing comenoed. Ihe reactions were 'thc.n hc-f tod £^i&dutli; 
foi Naricoc tlii.c li.uCi'.alE at summarized belov;; 


P.O. -P.E.T. 
Molar Ratio 

10 • to j1 


. 100 tc 


Sodium (g.) Conditions 

C.O 2 5° for "i days; 

110-11 f - 1 day 

l.£ ' ZZ'^ fox C df.yc; 

’dc-DO^’ 1 day 


Remarks 

lark bro-vn 
viscous syrup 


Lore/. Ir i flacrido Ktherate fc.a C fct/lyst 

The mixture was cooled tc -40^ with e Dry Ico-f.cctone beth 
and the cttalyet cautiously iCdtc. cicpv;ioe v;it5. s1.x::ing, A Mgci- 

cuE r(.f, Ci-u.cn r(L'*r^(*o. Ic'i (,f Ci *. {jLyi.i cEuSiru ^cUi— 

tidciablt. cl.f- j r inji j.nu decoii.i. Ociticn. It ’.its fou:.*.} trat the 
ccuid he ccntrclled by-aodin^‘ t- drop '*f uilerlyst r.bcut -v-.-ry two 
minutes. Ihe rsecticn mixture ’ias tneri allowed to rise to room tr^mp- 
•sraturc and stirred for € day ct the reflux temyere. tui e cf picpyleno 
oxide,' Refluxing, wt E not cbECi\(.d'’¥^l^i 3 ie t ( tp o tiui c . Acdit- 
ici.il lei'etici i. e di,t 1 ens tie list<d If lev.; 


1 . 0. -I'.R.'l. ii-.Rt:;C (cc.i Conuitiens 
i^iclc.r mciic 


Re I.' 6 X Vi s 


EC tc 1 
UCC to 


C.lt 

0;£5 


SC-eC^- 3 jays 


60-55°- Z deys; 
110-115*^'- 1 dey 


right tan 

V.l.L0 0\.(t3 OX 


It was ncccsccry to vjcuu.m distil these- polymers since t large- 
amount of lev. -bcilii-g iicducts v.€ic. iicduC”..]^ ( c(-e Rcs^.aroh 
Report August i;9, 1.-4 9) 
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PreBEure React icns 


The 


\. t L 

n 


tuC^cC .:i 
li* V. 


reactaut , 

i:: i» ’1 
L L /- . I 


V/Ox't 

l€t.i 


5 wi '-*# *.£ u t:; J i. 0 0 - ll D C ]t*d vl lO C O 'U i. 

•L f iO(iL tf nf cit i; ire# nl-j’. Vorovi tri- 
L'.. L j.-: >. c. ice boiJ.o ’ABB cojlei first 

.;atai^''st added in lj;e sfiir.e j';anii&r as acscribei for 
prev?. 3 *ir>^ ii :iis. fhe boab vas fhfn immereed in 

heated. Detsllr of the progrese of thoee reactions 
in previouB reportb. xo ocobin rn BpjureciaDie 
amount of polymer more than t drope of boron t j IfluorioL©' etherate 
per 70 cc. of propylene oxide are neceesery. When low-boiling pro- 
ducts wore formeu , the proosure roBO to a maximum of 280-400 p.B.i 
at 165-170°. The pressure did not decrei se '•ipon further uetting 
24 iiours Luji^-cr tt this trmpcictua e range, however, the preseure 
decreaeod to about atmospheric when the reactions were allowed to < 
cool to room temperature. Light ten oils were produced when boron 
tri fluoride ethorate wee used end dark brown , visoous syrups were 
formed when eodiuin was used* 


to -40*^' and ths 
the a tmo sphe r io 
an oil beth and 
have been given 


Rea ct.l.Qn E b o twe en r_. 0 . T . Pp lyme r.E _end D ilsooyanat .e-E- 

Qualitative reactions were carried out between P.O.-P.E.T. 
polymers end diisocyanate compounds. The procedure used was as 
followE-i 'About 4-f cc. of the P.O.-P-.E.T. polymer wee placed in a 
teat tube and a few drops of the diisocyenate 'compound added, Thr- 
toluene -£,4 diisocyanate usucliy reacted vigorouely without heal- 
ing as evidenced by bubbling and hect evolution. It was sometimes 
necessary to cool the reaction in running tap water. Whe methylene- 
bis- 4-phenyl isocyanate was used it wgs necessary to werm the 
reaction mixture gently to about 40-60° to start it. Then more of 
the diisocyenate compound was cautiously added dropwise with stir- 
ring until the reaction mixture became viscous. The polymers were 
cured by additional heating about lC-16 minutes longer. The above- 
named isocyanate compounds produced hard, brittle polymers while 
bctadecylisocyanate produced vieoouB oils. A higher temperature 
was necessary when the reaction wee carried out in a solvent; only 
slight improvement resulted in the ’’rubbery” proj^ertiaj of the 
polymers. 

Reactions between P.O.-P.E.T. Polymers and Anhydride Compounds 


Since herd, brittle polymers were produced with ddiisocyana tes 
the recctiono with anhydride compoundE were also studied. The 
P.O.-P.E.T. polymer was pieced in a porcelain evaporating dish and 
heated on a hot plcve to about 125-125®. The onhydnae compound 
was added slowing with stirring in small portions in the course of 
about two hours. The mlztur.e was then cured by heating for ^ericus 
time intervals usually at 150-16C°with continued stirring to pre- 
vent a top layer of skin to form until the mixture fcimed a geis- 
inouB mass. 
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1®1E. In “nhydrlden 

■^* 0* “P.JE. r f oro euarI,flr^*«J the 

Batio -^^^ycirlL ^^Imc , “ 

Acid 

10 to 1 


20 to 1 
200 to 1 


®®lonic 

adipic 

euccinic 

fflaleic 

succinic 

raaieic 

succinic 


fiemarke 

^^acJr, brit'f 1 a 

• ^ri-tlJe solid- 

sticky gmjj 

, ®‘loi7. rubbery net. 
*°“eh. hard polymer 

^-^^^l^ous-aubet. 


tm succinic 

Va^rte ^*b V ® ^®^t by ^ vlecoue syrup 

meening th^f oi p n ®f sah-tdride 

C£'lf 1£ 


is neceg£°ry\®®PJ^ 8 £i 2 ed that to k 

-i®««l®r .el-bb 

«' theca , "' 

^ol!!^y^XXr.\Z ^^-td ctrive / i 
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Certified copy of Preliminary Statement of Herbert 
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Decision, mailed March 23, 1962 in Interference 
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Pages 799a to 815a 
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U. S. DEPARTMENT OF COMMERCE 

UNITED STATES PATENT OFFICE 


wbw 


December 2S, 1972 

(Pate) 


THIS IS TO CERTIFY that the annexed is a true copy from the records of this office 
of Certain Requestetd Documents, in Interference Number 90,414, 



I 



By authority of the 
COMMISSIONER OF PATENTS 




Certifying Officer. 
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Mo 218 


r.-v..i 8? ./.i'.'.i;' " 

y'' .''/'V 1 1 ' '/'"'] 


f 'f', »- !• 


IN THE UNTT1-:d states patent Oli-’F’XOE 


'lICaJIEiiT L. HEI3S 
va . 

OIIAIILES C. PHICE 


INTERn-ERENCE NO. 90,'Jl't 


PRELIMINARY STATEMENT OP HERBERT L. HEISS 
COUNTY OP ,'cy) 


STA'l’E OP 


ss. 


HERBERT 1 . HEISS, being duly sviorn, deposes and says 
that he is a party to the abovo-ldentlfled interrerence; that > 
he made the Invention set forth by the counts of the Interference 
In ’rho Un ited States; 

(1) THAT no drav/lng of the invention has been made prior 
to the riling date of the application Serial No. 

filed August 7, 19-33; 

(2) THAT the first written description of the Invention 
was made on November I't, 1951; 

(3) THAT the Invention was first disclosed to others on 
November 1*1, 1951, and again on March 4, 1952; 

(4) T!IAT the date of the first act or acts susceptible to 
proof (other than acts of the character specified in 
sub-paragraphs 1, 2 and 3 above) which. If proven, 
viould establish conception of the Invention was 
November l4, 1951, these acts consisting of an Idea 
recorded In a laboratory data book and laboratory 
experiments; 
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(u) THAT the irtvention was actualily r’uduced to practiCG 
on or about January 6, 

(6) THAT actual exercise of reasonable; diligence towards 
reducing the invention to practice began on or 
about November l4, 19131. 


Herbert L. Heibs 


Subscribed and sworn before me this 

) 1959. 


/y ■ 

// day of 


Notary Public I 


‘My commission expired 


I 
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Pinal Hearing 
November 1, 1961 


a 


Paper N*. 78 
SL/dlr 


IN THE UNITED STATES PATENT OFFICE 


BEFORE THE BOARD OP PATENT INTERFERENCES 


Patent Interference No, 


Price V. Helss 


Polyether Polsrurethane Rubber 


MAILED 


MAR 23 1961 
u. £. . r:;,; ::hU 


Patent granted Charles C, Price December 30, I958, No, 
2,866,77^^ on application filed September 23, 1953, 
No, 381,999 

Application of Herbert L, Helss filed August 7, 1953, No, 

373,036 


Messrs, McCoy, Greene, and .TeGrotenhuis for Price 

Mr, Elmer P, Rucker, Mr, P. M, Murdock, Mr, Donald J, 
Haefele, Mr, Clelle W, Upchurch, and Mr, Pulton B, 
Flick for Helss 


The common Invention at issue is concerned with 
the reaction of an alkylene oxide-polyhydrlc alcohol 
condensation product with an organic dl-lsocyanate. 
Counts 1, 3, and 5 are typical of the six counts 


and follow: 


Count 1 A process of forming 
a polyurethane reaction product 
comprising the steps of mixing 
(1) a condensation product of 
propylene oxide and about ,01 
to 10 mol percent based on the 
propylene oxide of an aliphatic 
polyhydrlc alcohol of less than 
7 carbon atoms and having from 
3 to 6 hydroxyl groups, said 
condensation product having a 
molecular weight of at least 600 
and (2) at least about one 
mole per mol of condensation 
product of an organic diisocyanate. 
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and reacting the mixture until 
a second polymer having a chain 
length substantially great ei* 
than that of said condensation 
product Is formed. 

Count 3 A process of forming 
a polyurethane reaction product 
comprising the steps of mixing 
In a liquid form (l) a hydroxy 
terminated p«lyether glycol 
polymer having a molecular weight 
of at least 600 which Is a con- 
densation product of an alkylene 
oxide having from 2 to 4 carbon 
at#ms and about ,01 to 10 mol 
percent based on the alkylene 
oxide of a polyhydrlc alcohol 
having less than 7 carbon atoms 
and having 3 to 6 primary hydroxyl 
groups, at least 20 percent of 
said alkylene oxide having 
more than 2 carbon atoms, and 
(2) at least about an equal 
molar amoiant of an organic 
dllsbcyanate based on said 
polyether glycol, and reacting 
the mixture until a second 
polymer having a chain length 
substantially greater than 
that of said polyether glycol 
polymer Is formed. 

Count 5 A product made according 
to process of coimt 3. 

A patent of Price, No. 2,866,774, which Issued on 
an application filed September 23, 1953# Is In Interference 
with an application of Helss filed August 7, 1953. The 
Junior party Price has the burden of establishing priority 
by a preponderance of the evidence. 

The parties filed testimony and briefs and were 
represented at final hearing. 

The Interference was apparently declared under 
the practice set forth In the Commissioner's Notice, 68l 
OG 865, April 27, 1954, The counts are the Involved 




Price patent claima with c®rresppndlng modified claims 
of Helas. Helss* claims 8l and 82, corresponding to 
Price’s claims 10 and 3, respectively, which are counts 
1 and 2, are the only involved claims which omit the 
"at least 600 molecular weight" recitation, s of the patent 
claims, Wiese two claims, with a slight change in claim 
82, were suggested to Helss for interference with the 
explanation by the Examiner that the counts of the 
interference would be corresponding patent claims 10 
and 3# respectively; see Paragraph 8 of the Office action 
of March 5, 1959 (paper 19). The four regaining involved 
Heiss claims contain the molecular weight recitation. 

All of the Involved Heiss claims also differ from 
their corresponding Price patent claims in that two 
of the ranges of patent claims have been changed. The 
about .01 to 10 mol per cent ratio of the alkylene 
oxide to the polyhydrlc alcoh*l of the patent claims 
has been changed to 7*5 to 10 mol per cent. As indicated 
above, it was the Examiner who suggested this narrower 
range of 7.5 to 10 mol per cent. He evidently adopted 
Heiss' position that, in Example 12, for Instance, the 
mol percentage was 7^,5^ - obtained by dividing 13.2 mols 
of propylene oxide into 1 mol of glycerine and multiplying 
by 100 (1/13.2 X 100 = 7.5^). See page 9 of the amendment 
of February 6, 1959 (paper l8) The Examiner, by going 
to the top of page 11 of the Heiss application.,, determined 
the maximum mol percentage of propylene oxide to glycerine 
disclosed to be about 335^-(l/3 X 100 = 33^). Therefore, 
since the Price range of .01 to 10 m*l per cent and the 





Helss range of 7.5 to 33 mol per cent overlapped at 7.5 
to 10 mol per cent, he selected this range and suggested 

It to Helss. 

So too the about an equal molar amount of the 
condensate to organic dl-isocyanate of the patent claims 
has been changed. 

Price contends, pages 9 to 11 of. his main brief, 
that Heiss cannot make the counts for the reasons set 
forth in his motion to dissolve, which will be discussed 
below. He also claims a reduction to practice in 19‘49« 

Helss insists that his application as filed contains 
a disclosure sufficient to support the counts. He points 
to the disclosure of the condensate of 13# 2 mols of propylene 
oxide to 1 mol of glycerine of Example XII, among others, 
which has a calculated molecular weight of about 858 
and to the disclosure on page 2 of alkylene oxide condensates 
of glycerine, tri.-ethanolamlne and pentaerythritol. 

The Examiner, In two decisions (papers 30 and 37 ), 
denied Price's motion to dissolve bottomed on Heiss' 
lack of right to make on the grounds that (l) all of the 
counts require the at least 6OO molecular weight condensates 
which is a critical limitation, and (2) that the 858 
molecular weight of the condensate Of 13.2 mols propylene 
oxide and 1 mol glycerine is an inaccurate assumption. 

He ruled, inter alia, that the 6OO molecular weight was 
not critical; that because of the overlapping mol ratios ^ 
of alkylene oxide to polyhydrlc alcohol, "it is reasonable 
to assume that Heiss inherently obtains a molecular weight 
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of at least 600"; and that it lo Immaterial that Heiss 
fails to disclose a method of making the condensates 
since both parties filed patents that show them to be old 
and well known. See page 4, paper 30.. 

At final, hearing. Price again raises the issue of 
Heiss* right to make, which is ancillary to priority, ■ 
Podlesaic e^ a^, v. Mclnnemey, 26 App. D.C, 399, I906 CD 
558, 563, 120 O.G. 1222; Smith v. Lane, 43 CCPA 896, 233 
P 2d 621, 708 O.G. 516, 110 USPQ 33, 35. Price, therefore, 
asks us to review the two decisions of the Examiner on 
this issue. 

Since the decision of the Examiner held that the 
molecular weight recitation of the counts was Inherent 
in Heiss* disclosure, that makes a prlma facie case of 
Inherency and the burden is on Price, the Jmior party, 
to show lack of Inherency; Henning v. Hunt, 42 CCPA 1064, 
223 P 2d 926, 106 USPQ 307, 315, 316, which approvingly 
cited Coast v. Dubbs, 24 CCPA 1023, 88 P 2d 734, 483 O.G. 
719, 33 USPQ 91, 96; Pew v, Gard e^ ai,, 25 CCPA 1326, 

97 P 2d 591, 497 O.G, 553, 38 USPQ 115. To this end. 

Price has adduced the evidence of a number of witnesses 
purporting to establish the lack of inherency in the Heiss 
application. 

It is well settled that where an applicant copies 
a claim from a patent, he must show that he is entitled 
to make the claim. All limitations in the copied claim 
will be considered material in determining applicant's 
right to make the claim, and any doubts arising as to 
applicant's right to make must be resolved against him. 
Segall V. Sims e^a^., 47 CCPA 888, 276 P 2d 66I, 753 
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O.G. 798, 125 USPQ and the citations at 125 USPQ 395* 
Helss' right to make revolves about .the recitation 
In the covints of a "molecular weight of at least 6OO, " 
a material limitation in the counts. This feature of 
the coiints as such is nowhere disclosed in the Helss 
application. But this is not necessarily fatal to the 
case for Helss. It is not necessary that each limitation • 
in an Interference count must be expressly set forth in 
haec verba in the disclosure relied upon. It is 
sufficient if the specification is so worded that the 
necessai*y and only reasonable consti^ctlon to be given 
the disclosure by one skilled in the art is one that will 
lend clear support to each positive limitation In the 
count. Blnstead et al . v. Mttman ^al., 44 GCPA 839* 

242 P 2d 766, 718 O.G. 439* 113 USPQ 279, 282. 

Turning to the Heiss application, we find that the 
Examiner, in Paragraph 5 of Office action of October 2, 
1958 (paper 15), rejected, for the first time, then claims 
35, 42, 53, 54i and 60, which recited the alkylene oxlde- 
polyhydrlc alcohol condensates, for lack of disclosure. 

There he said that 

There is nothing in the 
specification to indicate how 
the alkylene oxide-organic 
trihydroxy compound is prepared, 
that is, the conditions of 
reaction (temperature, pressure, 
catalyst, etc.). Nor is the 
molecular weight of the condensate 
set forth. 

In response to this rejection, Helss^ on page 11 
of the amendment filed February 6, 1959 (paper I8), 
pointed to his Examples l4, 15, and 17 which disclose 


808a 


-7- 


condensates of 13.2 mola propylene oxide and 1 mol ;s 

glycerine having a molecular weight of about 858 9 

of said amendment) . To establish his position that these | 

condensates were old In the art at the time of filing ; 

his application, Helss cited patents to Schmidt, No, 1 

1,922,459, eind De Groote, Nos. 2,357»933 through 2,357>937. 

’She Examiner, In view of this showing by Helss, not 
only withdrew his rejection, but also, as pointed out 
above, in his decision on motions (page 4 of paper 30) ' 

held that the molecular weight recitation was not critical 
and the patents cited by both parties show the condensate 
to be old. 

Neither the covints nor the Price specification sets 
forth the method employed In determining the molecular ';s 

weight of the condensate. However, Herbst testified 
that he determined cryoscoplcally the molecular weight 
of the 200: 1 propylene oxide pentaerythrltol polymer 
or condensate of Exhibit 5j dated August 8, 1949j to 
average about 640, (PR, pages 27 to 3l)» Herbst also 
testified that assuming a 100 per cent yield of polymer, 
the 200:1 polymer would be expected to give a molecular 
weight above 12 , 000 . The witness also testified that the 
cryoscoplc method Is usually accurate within about ten 
per cent, and would be more accurate with polymers having 
molecular weights from 500 to 1^00, but accuracy would 
be reduced with higher molecular weights (PR. Vol. I, 
pp. 30, 31, 53, 54). 

The experiments of, Exhibits 30 and 30 A, summarized 
In the appendix to the main Price brief, do establish that 
condensates of 13.2 mols propylene oxide and 1 mol glycer- 
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ine of molecular weights above and below 600 molecular 
weight, as crjroaooploally determined, may be prepared 
depending on various conditions. Even Heiss admits this, 
as witness his evaluation of these Price e:q>erlments In 
which he states, last paragraph of page I7 of his main 
brief, that; 

... .Perusal of 30A shows that 
in the case of condensates of 
from 13.2 mols of propylene 
oxide to one of gljrcerol that 
the molecular wel^ts determined 
cryoscopioally were in excess 
of 600, except where water was 
present...., or where the catalyst 
was poor or in small amount.,.., 
or no catalyst Was used,,.. 

According to Flores, Heiss' assistant who prepared 
the polymers of Heiss* Exhibits 4 to 7 in August, 1952, no 
attempt at that time wa.s made to determine the molecular 
weights of these polymers, including the polymer of 
13.2 mols propylene oxide and 1 mol glycerine of Exhibit 7. 
This exhibit is dated August 6, 1952. It was not until 
April 20, i960 (Exh. l) that the hydroxyl number of the 
polymer of Exhibit 7 was determined from which a molecular 
weight of 750 was calculated. Heiss admitted that this 
was an approximation and not an exact measure of the 
molecular weight (HR, pages 11, 12). 

On the present record, it is an inescapable conclusion 
that Heiss was in no way concerned with the molecular 
weight of his condensates until he saw the Price patent 
and copied certain claims for Interference. Even the 
Schmidt and the Oe Groote patents relied upon by Heiss 
to show that the condensates were old in the art, and 

thus overcome the Examiner's rejection because of lack 

’’i 

of disclosure, gave no molecular weights for the condensates 
thereof. On this record, it appears to have been Heiss* 
position that, at least at that time (February, 1959), 
any ,of the condensates disclosed in his appllcetion and 
prepared according to the processes of the prior art 
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patents submitted by him would be acceptable to him for 
the purposes of his Invention irrespective -of their 
molecular weights. 

Heiss' position before the Examiner was that a 
condensate of 13.2 mols of propylene oxide with 1 mol of 
glycerine "has a molecular weight of 857 regardless of 
how produced, " Brief, paper 24, page 4, the sentence 
beginning in line 5 up. Yet the processes of the 
experiments of Exhibits 4 to 7, about which Flores 
testified, were not carried over in the instant Heiss 
specification. No explanation for this omission has been 
offered on this record. 

Standing alone this omission has no significance. 

Under the facts of this case, however, it takes on 
considerable significance and stature because it is 
urged by Heiss, page 17 of his main brief, that Flores 
prepared a 13.2:1 condensate of propylene oxide and 
glycerine "simply upon being told to do so by his 
superior, Satowski, which is what Heiss used in 
Examples XI, XII, and XIV to XVII of his application 
(HR 8)." 

There is no question but that, on this record, Heiss* 
amendment was Inspired by the knowledge of what Price 
had done. It is not enough that he may have had a conception 
of a process or processes for preparing the questioned 
condensates (see Flores' testimony regarding the experl« • 
ments of Exhibits 4 to 7) • His application must disclose 
it;' Llndley v. Shepherd, 56 4pp. D.C. 3I# 24 P 2d 606, 
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370 O.G. 513. Since Helss is seeking to rely on this 
testimony, it would appear that an e^iplanatlon of why these 
experiments were not incorporated in the Helss original 
application would be in order. Absent such a disclosure, 
the presumption arising from its omission must be an 
unfavorable one. Of. Bowers v. Valley, 32 CCPA 1039, 

149 F 2d 284, 579 O.G. 521, 65 USPQ 493, 497. 

The quantum of disclosure required to support counts 

of an Interference has been lucidly set forth in Blnstead 

et V. Llttman ^ a^, supra. There at 113 USPQ 28I, 

282, the court quoting from Brand v. Thomas, 25 CCPA IO53, 

96 F 2d 301, 496 O.G. 561, 37 USPQ 505, 508, stated that: 

Lack of clear disclosure 

is not supplied by a speculation 
as to what one skilled in the 
art might do or might not do 
if he followed the teaching of 
the Inventor. The disclosure 
should be clearer than to 
suggest that one skilled in the 
art might construct the device 
in a particular manner. 

Applying the foregoing test to the Helss original disclosure, 
we find no clear teaching therein that would point the man 
skilled in the art to the molecular weight range of the 
counts, or any molecular weight for that matter. 

As pointed out above, the Schmidt and the De Groote 
patents gave no molecular weights of the condensates 
thereof. Although his decisions do not expressly so 
state, the Examiner may or may not have been guided by 
Heiss' unqualified statement that regardless of how 
produced such 13.2:1 condensates of propylene oxide to 
glycerine has a molecular weight of about 857. In any 
event, the testimony of Herbst and Chase (the experiments 
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sununarlzed In the Appendix of Price's main brief) and 
the admission In the Heiss brief, supra, very clearly 
establish this statement not to be wholly accurate. 

We consider that Price has amply discharged the 
burden devolving upon him to establish lack of inherency 
In the Heiss original application. The testimony of 
Herbst aind Chase and the admission In the Heiss brief. 



supra, amply establish that such 13.2:1 condensates may 
or may not have a molecular weight above about 600. 

Coupled with a lack of clear disclosure of such a 
condensate in the Heiss application, we hold that Heiss' 
disclosure cannot be given the necessary and only reasonable 
construction by one skilled in the art so as to lend 
clear support for the positive limitation of the molecular 
weight range of the counts. Heiss therefore cannot 
prevail in this proceeding, Binstead et al . v. Llttman 
e^ad. , Bindley v. Shepherd, Segall v, Sims, supra. 

The determination of the hydroxyl nvimber of the 
condensate of Exhibit 7 in April, i960 (Exh. l) cannot 
be accepted to take the place of a test not made In 1952, 
when the condensate was prepared, and of which Heiss had 
no knowledge at that time. The law does not recognize 
nxjnc piKJtunc tests; Searle v. Glanun et al. , 37 CCPA 896, 

179 P 2d 974, 635 O.G. 345, 84 USPQ 454, 4571 Jira v. 

Weber et 40 CCPA 762, 201 F 2d 914, 67O O.G. 5, 96 
USPQ 372, 378; Conner v. Jorls, ..44 .CCPA..7.7.2, 24l P. 2d 
944, 717 O.G. 415, 113 USPQ 56, 61. 

According to Sherwood's testimony (HR, pages 75 to 78), 
the analysis of Heiss' Exhibit 1 was performed by one John 
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Bombe, who was not called to testify • Therefore, this 
data shett of Itself, not having been properly proved as 
to the accuracy of their contents, can not be held to be 
evidence of such contents; Teter v. Kearby, 36 CCPA 706, 

169 F 2d 808, 617 O.G. 903, 79 USPQ 65, 72; Farrington et al. 

V. Mlkeska, 33 CCPA 1073, 155 P 2d 412, 509 O.G. 3, 69 
USPQ 509, 511. 

To accept Kosmin's testimony that the specific process 
he used would, in 1953, produce a 13.2:1 condensate of 
propylene oxide auad glycerine of a molecular weight of 
at least about 6OO, would practically negate the effect 
of refusing to accept Flores testimony as a conception 
because It was not disclosed. Llndley v. Shepherd, supra. 
Similarly, Kosmin's specific process is not disclosed. 

The quote from Brand v. Thomas, extracted in the Littman ejb al . 
case, supra, makes it abundantly clear that the disclosure 
should be clearer than to suggest that one skilled In 
the art might produce the condensate in a particular 
manner. Consequently, since Kosmin's particular process 
can not be bottomed on the Helss application, it carries 
little probative value. Cf. In re Smyth, 38 CCPA II30, 

189. F 2d 982, 651 O.G. 5, 90 USPQ 106, 112, where affidavits 
to explain a disclosure were not considered. 

We turn now to the omission of the molecular weight 
limitation in Helss claims 82 and 8I, which are stated 
by the Examiner to be modified claims corresponding to 
Price's claims 3 and 10, respectively, which are co\mts 
1 and 2, respectively. We do not regard the molecular 
weight limitations of these two covunts to be immaterial 
ones whereby they may be omitted under the practice 
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set forth in Parker v. Craft ^ al..> 1919 CP 72* 265 
0.0. 305; Bonlne v. Bliss, 1919. CD 75, 265 0.0. 306. 

Throughout the ex parte prosecution of the Price applica- 
tion, heavy reliance was placed on the molecular weight 
limitations, which appeared in all of the claims except 
claim 17, which, as explained, inadvertently recited at 
least about 500, to carry the claims over the cited art. 

This alone establishes the molecular weight recitations 
to be an essential and material limltatio*>. 

Contrary to Helss* arguments, the Price specification 
does establish the molecular weight limitation of the 
counts to be an essential and material limitation, as 
witness Column 1, line 53 to Column 2, line 6, and Column 2, 
lines l4 to 53. We are not persuaded that the Examiner, 
in view of such disclosure, properly took the position 
that the limitation was an Immaterial one. 

The test is whether the co\mts of the interference 

and Heiss‘ modified claims are for the same invention; 

McCabe v. Cramblet, 20 CCPA 1220, 65 P 2d 459, 437 O.G. 

! 

576, 18 USPQ 71. There is a decided difference in scope 
between these two sets of claims. Helss' -claims 82 and 
81 are broader than the corresponding counts. It has 
been held that the fact that a broad claim embraces the 
subject matter of a narrower one does not, in Itself, 
establish that the two are drawn to the same invention; 

Andrews v. Wickenden, 39 CCPA 86O, 194 P 2d 729, 659 O.G. ^ 

305, 93 USPQ 27; Emerson v. Beach, 42 CCPA 711, 215 P 2d 
290, 691 O.G. 170, 103 USPQ 45. 

1 ' 
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In the light of these two cases, we are constrained 
to hold that Price claims 3 and 10 and Heiss claims 82 
and 8 l minus the melecular weight limitations, are 
not for the same invention. 

In the light of the foregoing discussion, we conclude 
that the Examiner Improperly considered the molecular 
weight limitations of Price claims 3 and 10 to be non- 
essential and Immaterial limitations. Heiss, therefore, 
cannot prevail here on coimts 1 and 2; the Parker, McCabe, 
Andrews and Emerson cases, supra. 

In short, Heiss has no clear basis in his application 
as filed for the limitation in question. He, therefore, 
cannot prevail in this proceeding. 

Having reached the consluslon that Heiss cannot 
make the co\mts other issues presented by the parties 
need not be considered. McBerty v. Sh»re ^ 1912 

CD 45, 49, 175 OG 843j Eger v. Watson, 26 CCPA l4ll, 104 
P 2d 953, 509 OG 779, 42 USPQ I 57 , I 6 I; Glambalvo v. 
Detrlck ^ ai. 35 CCPA 1112, I 68 P 2d II 6 , 77 USPQ 582 , 
586 . 


Priority of Invention of the subject matter in issue 
is hereby awarded to^^arlas C. Price, the Junior party. 


Jj Isaacs 

Examiner of Interferences 

Warren H. Winner 


Examiner of Interferences) 





r. Levin 
Examiner of Interferences) 
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Memorandum dated June 21, 1954 
Prom: Elmer P. Rucker 
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Herbert L. ilelSE 


A: St. Louie, 


j. H. Saunders 


K*. IN ui 


D.,.,-’ ' June 21, 




Anniston, Alabama Saunders ot al. aioplication 

Serial No. 373 j 036 Filed 
Aufcust 7, 1933 
NCTISL HF.SINOUS COMPOSITIONS 
Arn) MSTIIOD OF PRODUCING SAME 


I am cnclosinc; hcrcvjith a copy of the above entitled 
application together with the initial office action ^ 
■and th.e references cited therein. 

VSLll you kindl.y go over this action and the references 
carcfullj'’ and advice me ,.];Hiereln the invention claimed is 
dictingulsjiablo froni the disclosures of these rcfcrenccD. 
. It v.'ouid appear from a superficial examination of the 
roforcnccs that the broad reaction of polyisocyanatos 
' wltli urethanes is anticipated.. 

I ^-jould appreciate receiving, your comments at least 
by the end of this m.onth if possible. 


(Kef. 




EPRj'a 


Elmer P. Rucker 
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PLAINTIFF'S EXHIBIT 29 


Short Form Report No. 2914: "The Preparation of Potting 
Resins from Diisocyanates, Triols and Plasticizers" 

Work Started: June 1952 
Work Completed: March 1953 
Date Reported: September 30, 1953 

From: j. H. Saunders 


Pages 817a to 819a 
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4l^iss, Bab 

' 0 


^liis report and the information c<^rit'>fnr'? ’ •yrtV ? i-v 

_ - MONS.«XO 


C~7 3 y 

pH 

fl\' 19.5' 


■ --y 


of 


//-Ifc-'fl 


RESEAilCK EETA K T^-rLh'T - rKOSPHArS DIVISIOIT 
SHORT FOrC'I REF'ORT 


pf?a 


ctssi 


Report Ko. 29Jh 


Sistribution: 


V/ork Stcirted: June 19^2 

Work Cornpleted: March 1953 

Date Rcpoi'ted: Seoternber 30, 1953 

Job No.: 750.01-1030 
File No.: 451-0-1 


it. ix:'Vc.s 


uio 

on 


Investigators: 


J. H. Saunders 
H. L. Heiss 
•B, E. Davis 


Messrs: 

Kcseca^ch Pfdo 
R. L. Jerdiins 
H. V. Hc-ss - St. Lcu'Ls 
C. A. Hoch’^alt - St. Ic 
N. N. T. Saraai'as “* iJvo’t 
E. E, liardy 

J. R. Wilson ~ 5t. X^ecd 
C. H* A all •• St. louia 
H. F. Vrea.ver - St. Lor,ii 
J. H. Saunders 
Hoiss 


— — J?® Freparatior: of Potting Resins from Biisocyanates, T:^d.ols arid 

Ihiring the course of other vork it was observed that liauid 
as A ro dor 12i{2 cou-ld be celled v,i,th diisocycnate-oolvol 
reacu.Lon procucus. Because such mterials have a potential, use .=s 
rv.saiio ohe geding of p-lasticitiers vas explored bid-efiv, i-. 

nu,....er of Aroclors and other plasticizers so;iid'U''jsd v^th 
diisocyanates an-d tdois. A 2:1 ratio or> isocv.i- 
nyuTocq-l groups Kas used, and the reaction product of the l.socTCiiat.2 
ana t^io_, dissoivea an tne plasticizer, was cured at elcvatod tencfi.r.^'-.u’-'-'s, 
^ctaon Ox isocyanate groups dth ua'ethan groups presua^ably prodded ■'the “ 

bubble-free resins were obta-ined, no Method was found 
whejeby coHoistendy good resins could be prepacked, 

C0]fCm^0N3£ Tho gelling of plastici5:ers by diisocyanate-polvol r-».eiv-sa 
conwam-^.g l^e isocyanate groups is acco.-paniod by gas evolution curiru; 
toe cui'ing Cl one acduct. Other Methods of •ourir-.g, such as vha roacticu'i 
f the aduuct wr.tn nore polyol or polyanir.e.s should urove nore snvccen.s'^el . 

to hinvow?"" '''' Polyisocyranates and polyols at a 1:1 ratio of isocyanate ‘ 
to hyoroxyl groups nught also give better results. 

recormended that further work on preDa,'rtng t3ottir!<» 
resins 10I...0W the l.ineo indicated in the conclusions. 



J^fji. Saui’io.ers 
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THK\riOTJS V?onK? IJo work has been done previonsly on this problem* 


EXPSRIHSliTAL' SATA; Note book pages: 


89901 - 89907, 89910 - 89916, , 

89918 - 89950, 85101 - 65103, 

85105 - 85107, 769^0 - 78969, 

78971 - 75978, 78961 - 78983, 

78989 - 7899U, 78997 - 79000. 

Ejqjeriments \78re performed by dissolvijig the ti^iol in the plastici::er and 
adding the diasocyanate, with stirring. Vihen the triol was triethanol- 
amine or an ethylene oxide condensation product of tricthanolarotne h solid 
product sepai’ated after the isocyanate was added. The licnxid portion of 
the reaction product was gelled by heating for 6 hr. at 150=>C, 

If/hen ethylene oxide and propylene oxide derivatives of glycerine were used 
no solid by-product was formed in the first step of the reaction. V.Tien 
diols were used instead of triols no gellation of the plastici':;er occ'tUi'ed, 

Preliminary reactions using plant grade TDI were violent and uncontielj-able., 
Use of TDI deactivated with a trace of dry HCl permitted controlled reactions 
and gave liquid solutions which could be converted to solid resinous material 
by heating. 

The plastici’sers :^dicated belo^'f were gelled when equal weiglits of plasticii^ar 
and isocyanate-triol adduct were used. The triol used was the condensato o*' 
glycerine VTith 13.2 moles of propylene oxide. Plastic'.sers which were com.- 


ticizsr.B-lo (butyl phthalyl butyl glycolate), e-.T-ene, and dir;'^-t2io:^y usura- 
ethylene, glycol. Di-2-ethylhe:cyl phosphite was co.Tpatible, but v'as not gelled. 
Thioicol 2.L-109, a polyisobutylene plasticiser, dodecylbensene and a silicone; 
oil were not coirpatible, 

KDI (diphenylmethane diisocyanate) was substituted for TDI in gelling Arcelor 
1242 with similar results. Plant, grade l-IDI-lOO gave uncontroLlable r3acni.'.:ns, 
but after adding a trace of dry KCl to the MDI normal reactions were ob Gained. 

In one seides of experiments using .iroclor 12l;2, TDI and glycerine pics 13.2 
moles of propylene oxide the Aroclor content was varied, using 20, 35, 65 
and 80;'^ Aroclor. Those resins with 65 and 80,o' Aroclor were softer" than 
those with 20 and 35^ Aroclor, and required longer heating to bring about 
gellation. 

Most oj. the cured resins contained bubbles of traoned gas. This was esrscially 
noticeable wh^n TDI or KDI which had not been acidified with KCl were usod. 
Bubble-free resins up to appro:cimately 0.25 3-n. thick could be prepared, but 
thicker resins almost invariably contaiJied bubbles, 

Cax*efxil drying of the triols over calcium hydride failed to eliminate bubbling. 
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Teirperature characteristics of a ntraber of resins were invest-^rs+^^d 
Several serxes vere tested, some in vhich the Aroclo; liSrconW 

buniof Aroclor vhich were tested would saoport ooe- 

exception of one which consisted of $ 0 t Aroclc"*’ 12i.2 tnH 

Srtae ?he at:! rf owide-cltosrte ofll-?:" 

TaE^weti?j.rScr ® or higher moloc 

iixca w.cignx, Arocior -Svould not snppor't combustion, 

- 5 ar.d 

■S-l^ isocyanate-triol addueta were easrood to have the folic-, 

3H(K0p)2 / k'(OH), ^ e' (OONHK.'C p), 

L;trtt:c?Lh'!StVsr:r^i£^^^^ -- 




tR-NHCOOR*- / -RI^’CO ~ 

-R-N-COOR* - 

I - 

coirna - 

The gas evolution coul,d have come from the N-cai'baayl- carbamate group: 


-R-N-COOR - 


-h-n-r’ 


COIfflR - 


/ CO; 


ccmiR 
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PLAINTIFF'S EXHIBIT 33 


Letter dated August, 11, 1965 

From: C. W. Upchurch 

To: Farbenfabriken Bayer 

Pages 820a to 821a 
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.m-ibmical. company.. ■ 

.t.N. ^ ^ ^ , . . ■ ;• ;• 


PENN 


•LINCOLN PARKWAY W E S .T 


P.I-TTS BURGH 5 P E N N s Y L V A N , 


1965 






% V * ♦ 

j ‘ 


S*arbeii£abrllten Bayer, A, G. 

Pateatabtcilvmg 
Leverku3cn.-Daycrwcrk , 

■ West Germany. 

■ Gentlemen; ' . •. •" 

In order tha^ you v/ill be kept advdsed of Mobay's Hccncing piano, 1 would 
like to. describe briefly three lie enoo programs wo arc now conoidcrlng. 

■- As you know, we were granted tho Hcioo' patent 3, 102.875 after the Price 
■ patenAnterf ercncc had boon concluded. In our opinion. th;a patcr^ 

•dominates the Price patent and we believe tnat' it lo being infr - y 
everyone- maldns polyethax based polyurethane foams, ^ 

■ to H-cnoc the patent to -polyol producers following a plan aimiUr to th-t used 

' iy G=a 3 r=.l Tira m Ucon.tas Ita Prico patent. 

eLaWerabie <a£:Uulty booauoo the polyol pioduceio ro.oly that the p-to..t io 
, ■ ;°ed bwltay-o euotimer an woU a= the polyol cuetomor eo Immunity from 

suit should be ia sued by Mobay. , 

■ In an eYo-^t to olacViihe”^tont in a position whore it can be c:q>loited, wo 

^re n-oa;£‘’ “^seffiroon Chemical Company. The patent vrtll be aama-a d 
. m Joaerron ani i^JSiS^alTattempt to liccnao Ue -pclyol 
argument the polyol producers have been using will .no *c—^,or La w*. 

. Vcfrerao-i'a intcroet’in the propoaal wae not ver-/ great unalvm 

' <nclucc 'ome other natente which would be of interest to m- ^ 

te/o ’n n’<-entc 2,949,431 and 3. 036, 020 directed to the prc?ct*u.Uon - 

■ . ^tn 7 ’^^^ 4 “articuUr tertiary amine catalysts. ' Mcbay does not 

. "m"aie oamiyst buoinoee. jefferoon p lane to uea theoo patonte m oonnoc.io.a 
wi'idi its production of catalyst. ^ , r • • • 

hr-Q 953 arsolication as you know, is directed to the preparation ox fcuv..... 
o>;AU^Sa block copolymer stabiUeers. Our Mo. 266 
. assigned jointly to Bayer and Mobay, is f tic first of these 

;:;o ;-;;Eea;ioe= aad\,e vnu probably include “.“olonmeut or rt iu mo ag^ee- 
riT.t The reacon for ir.cl'eding tho application le to p.oio. " 
come l.>tm -=30 in negotiating vdth Carbide who. mahee the ntabtlmer. 

f\[n a tin u h e t h a n k c h e m i s t n v ■■■■.' 
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; f 517 which also was granted on the application 
vhich bccatno , 2,^75, has throe claims in it directed to the orco-’ ra 

cion of polynrctnwnee with N-allcyl morpholine catalyst. We propose' t 




• „ fT,- f , --- —cy I morpholine catalyst, we propose' to 
1 1. Jfj'fcrson because they compete with Carbide in makln.? 

a" urS;r‘'" to cSia? 

negotiations with respect to the Hoiss patent. 


wm Ssi °n ^ efferson hinges on whether or not Monsanto 

hao arre^d tn tM« L ^ HeiBO patent to Mobay. 1 understand that Moneanto 

- . “ ^ ® the question of whether or not Mobay should pay 

Monsanto has net bisr, ~ „ i j .-.t. j ^ 

Wi^-h r---nr>rt -> >^esolved. xherc doeo not appear to be any problem 

i- 3 +ead of Mo patents because in all probability. Mo 253 will be used 


. •*" 


S50 OCO^f-om Jefferson providee Mobay with a minimum of 

*th- ^ * ^‘-“oruon. If Jefferson cannot license another polyol producer 
wi in Jefferson is to pay Mobay a total of $90, 000 and will 

reassign Mo 253 and U.S. 3, 102,875 to Mobay. H Jefferson is successful 

royalties collected v/ill be split on a 60-40 
i^Je?ferso’'''°i Mobay will net from '$410, 000 to $450,000 after taxes, 

7 ° j i?** tlie other polyol producers depending upon the time 

required for Jefferson to grant the license. 


e ave proposed an agreement with M and T under our Mo 277 application 
w covors^tao ueo of stannous salts in making foam, M and T is agreeable 
o payin^ X'* osa all catalyst sold in any country of the world 

a patent. The agreement includes a mixrlmum of $50, OCO to 
^ p xst 500 Installments over a period of three yeax-» as a minimum 

a vwiice payu-icj^j. of royalties' to become duo under the agreement, V.-e have 
• V .Mf ? f preferable to the assignment ox our Japanese patent to 

OE om or $100,000, •; Vfe have a license v/ith Yoshltomi before 2>/IITI for 
- pprova now which guarantees us a minimum of $35, 000, . V/c believe that 
ve w ^ mw vo more money with the M and T license plus the Yoohitomi lie ease 
lan xve^y/oum make by assigning the Japanese patent to Yoshltoini. M and 
wou G net be Interested in our foreigxx rights without Japan being included. 


J'-' 
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Letter dated July 29, 1965 
From: c. W. Upchurch 

To; B. R. Nason 


Pages 822a to 824a 
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JxiXy 2 *>, 




Mr. B. R. Nason 
Pitteburgh 


//'f ' 7 / 


J^J ! 

: 


nr-rtpoaed License Aoreemcnta 




. «<= rcouire Mobav to obtain approval ot 

The Moasanto/Saycr contract do practice in the past to brin-; 

the licensing of use F^tent^^ut it haj* ^ 

ti.,. advice a^e Board of Mobay'o latonlion. 

r^;”;;ct\r^e£oUowlaB;rd?=-<l-sreemen^ , ■ 


1. >/obav/.Tcf£eg3on Chemical Agreement: 


*■• ■ — 

f r^ueb -uccecs in Uccnslng polyol producers imder 

Hoioo -- - S" - vrotira-» - -‘V- 

“^.Tue ^"ydthero havTas 3 or d 

ft in bettdved faat 

p'oSro're: cicjic^ are to eomo catoat Mobay cuctomcrc, too. ■ ^ 

■ tve proy'oso to aoalsa H®loe ?ate^3, IW. propore to 

lovorago for Jeficrooa to uoo ta -«om- - -» „£ „» comrooreSat 

. asDl£!i U.S. Patento.bto. 2.9e9.e 1 3, . jpamo uo..r.3 a 

value to Mobay because *'“'{^'®4‘'%fitrsoa rakuuiactuvss tertiary amiuos and 
particular UTtU^ry oome of the ucsetiatious with other 

believes these patents will oe noipiui 

producers. 

VJ-e projose to aoslsn U.S. No. are directed 

■ Jolatly by Mobay aid N-a^yl Lrphotoe catalyst. 

blobay wiU aesisa a patent 

with a competitor. ; < 
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fa etch inotance where Mobay asoicno a patent. It will receive a 
•■ccl^^ive license for Mobay, Bayer and Monsanto with one cxccpiion 
Kclus 3, 143, 517 Mobdy and Monoanto will receive an oxcluolvo 
licoaac under all the claims except the three directed to the use of the N-all'.'yi 
tnomholine. The latter three claims v/lil bo licensed non- exclusively to Mobay 
and Monsanto. . i ' . 








In return for .the foregoing assignments, Jefferson will pay Mobay a 
minimum of $50,000 and attempt to license other polyol produebro. The 
minimum royalty under the license to others v/lU'bo $200, 000 each. Mobay 
and Jefferson v/lll split these license fees on the basis of bOft to Jefferson and 
40 /i to Mobay, Jefferson has tvyo years in which to grant at least one license 
to a major polyol producer. 2f it has not licensed one hy the end of tha iirst 
year o£ the agreement, it will pay $10,000 quarterly to Mobay until the end of 
the second year or until one major competitor has been licensed. The result 
is that if Jefferson is unsuccessful in two years, Mobay will receive $90, 000 
and the Heiss Patent and the patent application described above will bo rc-aosigncd 
to Mobay. If Jefferson is oucccsoful in licensing all the other polyol suppllsro, 
Mobay Vv'ill roc, Give $410,000 to $450,000, after tasreo, depending upon the time 
the first licensee sighs. Jefferson wo?ald not $310,000 after taxes. 


Mcbay will grant Jefferson the right to extend immunity from suit for 
.infringement of the claims of the basic polycthcr patent, Windemuth 2,943,691 
to customers while using Jefferson's polyol in making caulks and sealants. IVo 
.have prc*riou! 3 ly' granted royalty free licenses under the patent to some manufac- 
- turers of cauH'cs and. sealants. In return for tho license to Jefferson, wo will 
receive a license under three U.S. patents in tlie isocyana*'»^^eld mlffht 

prove of interest later. 


2, M and T License: 

Mobay has licensed Yooliitomi non-cxclusivcly under any patent v/c obtain 
in Japan, covering the use of a stannous salt catalyst in making foams, l^oshl- 
tomi Is to pay a 5“o royalty based on the selling price of the catalyst with a 
minimurr. of $35,000.- As nn alterr-ate, Yoshitomi has stated it would pay I.'f.c-bay 
$100,000 for an asoignmeat of this Japanese patent. 


M ar.d T has offered to pay Mobay $, J5 a pound on all catalyst it sollc in 
any country c£ the world where Mobay has a patent. At the present time, v/c h-v 
patents in ccuatrioa v/hcro there io no opposition procodurc, However, wo 
have ■ . :■ opposition in Australia and expect to v/ln the opposition in olacr 

couz'.trios. o have won the lr 4 terfcTeace with General Tire in the United btatco. 
\Vc hope tc issue this patent within tho next year. . 
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.. o X>ropo3ua T acrccnncnt, Mobay wHl recbv%o l j- 

: '"‘c« o!iymant o£ royaltico when the Japanese patent Icouco. u v, m' 

*, ’'**^j 4 rtlonal payments of $1Z,500 on the first and second aaitlvortari,:- 
agreement. A fourth. payment of $12,500 to be made on the third 
a--dvcrsary date of the agreement or when the U.St Patent laoues, whichever 
to*lator. Those four payments of $12, 500 each represent a $50,000 miniinum 
royalty from M and T, In addition to this minimum, M and T will pa^ $, 05 a 
Tjoand royalty on all catalyst it has sold since the issue date of the patente v/c 
presently have. A rough calculation estimates this would come to $5, OCG • 
$ 10 , 000 . > 

• / 

hi. and T has: indicated tliat it io presently selling from 500, 000 to 
600,000 pounds catalyst per year in those countries v/here wc expect to obtain 
a patent. It appears that Mobay would stand to make more money if it accepts 
the M and T proposal and retains its Yoshitoml license, so wc propose to liccuac 
M and T at $.05 a pound and attempt to obtain approval of the present Yoahitomi 
license by ivilTI. 

/ . .Original ilgnnd by C. W. Upeburch 




k 
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Meroorandura dated September 6 , 1957 
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Your reference memo indicates that I did not describe 
prepolymer 4910 clearly enough This prepolymer is 
prepared from 60 parts of polypropylene ether glycol 
2025 end 40 parts of a triol having a molecular weight 
of 5000. The triol is prepared by condehsing glycerin 
vlth propylene oxide to the desired molecular weight. 
Such a product is represented by Dow Triol 11-200 and 
by Carbide "NIAX” Triol IG-56. 


JHS :mj 
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Memorandum dated January 2, 1962 
From: Clelle W. Upchurch 
To J; R. Wilson 
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/ • 

rittaburtih 


Hr. J. i?. Mlaon 
Mons&nto - Jt. I>ouls 


r 

Hr. 

Mr. 


f. H. 

J. D. 


.’••iraDcK 

^tcrnocris 

UphJ-ni 


Jai-ujary 19^2 


K0N3AliT0 DHITIbH iiPrCIPICATIOH 

Ko. 79J>,7Q0 - APPLICATION No. 22,90V5^ 


The above British application correoponao to the one 
Involved In the Price patent Interference In this 
country. The dtppllcatlon wao publlchcd before the 
Price i>atcnt looued and docs not have claltao directed 
to the invention covered by the Price patent. I have 
been told by I^CL'e attorney that we oonndt now add 
such clairao. 

The invention covered by the published claims and by 
those nov; being presented involves adding a 
plasticizer to a reaction mixture containing a poly- 
isocyanate and a polyhydroxy compound. The Inventor 
found that a polyurethane can best be plasticized If 
the plaatioizor lo present ao the polyurethane Is 
formed. 

The invention is not used in this country corancro tally 
at this tlcse. It la of such a nature, however, that 
there is a pbaalbillty it will find some use as the 
clustoisor field expands. 

Your proposed cxithod of handling the opposition »*nd 
any patent which issues appears to be a good one. 

Incidontly, a more Important application In Great 
Britain Is Monsanto's basic polycthcr-polyuretiianc 
application. I do not have a copy of the file of this 
application, but understand that it v/^iS published as 
dpcolflcatlon No. 769*091 (Monsanto 1 J»> 2 ). This 
application Is apparently being oppooca by l^uPont. 

Tne disclosure villl support claims which cover the 
invention claimed by Price In his U. a. patent. I 
should think that you would be In a good position to 
sell a license to ICI under any patent resulting 
from this application. 


Cri::p;-I by C. W. UiJ'hy.-oh 

Clclle U'. Ui.ohurch 
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Letter dated March 31, 1964 
From; Clelle W. Upchurch 

To; Farbenfabriken Bayer 
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March 31, 1964 


Farben^briken Bayer AG 
Leverkusen- Bay erwerk 
West Germany . 

Attention: Patentabteilung 


Gentlemen: 

British Patent No. 793,780 

I am enclosing a copy of British Patent 793, 780. This 
patent issued on the application corresponding to the one in the 
Helss-Price interference in this country. We were unable to 
obtain claims in Great Britain corresponding to the ones in our 
U. S. 3, 102, 875 because claims of the type in the British patent 
had already been published when we learned of the Price patent. 


CWU/lml 


Very truly yours, 




liV 


c V/. upch'ird* 


Clelle W. Upchurch 
Director of Patents 


Enclosure 



PLAINTIFF'S EXHIBIT 40 


Letter dated September 13, 1963 
From: c. W. Upchurch 

To: J. H. Sutherland 
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. ' September 13, 1963 

Mr. J, H. Sutherland • 

Suite 1004, Shell Building ' 

1221 Locust Street 

St. Louis 3, Missouri ’ 

Dear Jack: 


U. S. Patent 3, 102. 875 . MO-213. IT 

of n a^^ed for an opinion on the -etrength*' 

of the m ^ ^^cloeina a copy of the patent and a copy 

the f «‘^paratc cover I am aendlnr 

the interference proceodinfis; these are our file copies, which should 
be returned to us after you have formulated your opinion. 

pa*er^ cc.-ldT— whether or not this 

n !r' , emorced against an infringer. You should 

for specifically claiming a process 

for mak ng a polyurethane from a polyether having more t^n two 
hydroxyl groups until tho amendment was filed in January 195u 

thVu.l limitation. Which ICuircU 

cata“y«°! it “>« Pf '•ot'co o£ alhaiin. ' 

The file includes the prior art cited by the Examiner I 

o£ ainv Dirioi* a.T*t <n * 

‘ ‘>■1“ patcnl 

was also some work la this field by ICI. I am enclosing a copy of 

Sr“a~Z'.?;.""- ““ •“• “■ •«““■•• , 

a.., 

mo with your opinion prior to that time. ^ 

Very truly yours, ' 


CWU/ihm 

Enclosures 


Oriil^ual liOiicJ UK t, W. oiitimrtA 
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Memorandum dated March 15, 1965 
From: Carl G. Ries 

To; Pile 
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J -ERSON CHEMICAL COMP/ 
FILE MEMORANDUM 


Mobsy — Meeting with 
Messrs. Mahoney and Upchurch 


. INC. 

DATE 3-15^65 
COPTTOi 




On Tuesday, March 9, 1965, at 11:00 o'clock a.m.. 

Dr. Sotnmer, Dr. McCleary, Messrs. Griswold, Dowdlng and Rles 
mat with Mr. Mahoney, Presldlint of Mobay, and Mr. Upchurch, 

Patent Counsel, for the purpose of discussing a proposed 
licensing arrangement with Mobay pursuant to which Jefferson 
would acquire certain licenses under certain of their patents 
and a patent application. Mr. Upchurch was of the opinion 
that all of the patents were good and that their asking price 
of $200,000 was quite reasonable, since we would "get It back" 
without any trouble. 

1 pointed out that many of the patents are directed 
' to products that are not now being manufactured and sold on 
a commercial scale and that, therefore, any remuneration that 
might be derived from these patents was problematical. As to 
the first Helss patent, I Indicated that there Is doubt as to 
Its validity and to the propriety of approaching Jefferson 
rather than the foam manufacturers. 

As to the second Helss patent, I Indicated that I 
feel the Orth patent owned by Minnesota Mining and Manufacturing 
Company Is a very close reference which casts a cloud of doubt 
on its validity. 

After discussing the foregoing points. It was con- 
cluded that we could not come to an understanding at the present 
time, and further study was required. 

Dr. Sommer then told Mr. Mahoney that we would make a 
counteroffer In writing within the next two weeks, and Dr. Sommer 
and Mr. Mahoney agreed that they would get together In Pittsburgh 
on April 15 to discuss the subject further. 
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|?.^^NSANTO ChEMIC ' . COMPANY 

At Annlstcn. AQAbam 

* » 

Date Februeury IJ, 1953 

I;- 

Ta E. P. Rucigr Reference 


cc . L. Jeukins - St; Loala \ 
A £. H^dy ■ 

1 '. H. Gldveland 

J. H. Saunders 

Eeseardi File - Annistoa 


At Anniston 


Subject SOIdDIFICATiai OF FlUIiJS VIOH IS 0 CXANATB 3 


It has been demcaiatrated that fluids isay be solidified by polTnerlzatlcn of 
dllBocyanateopolyol adducts dissolved therein. !Die resulting solid nay vary 
from a soft gel to a hard brittle resin (depending on the types and anounts of 
constituents used) and apparently consists of a complex polyuraa -urethane 
plasticized by that fluid. Depending on the type of product desired, the dl- 
laocjenates £md polyols (or other active hjdrogen compounds) are reacted as 
described in H. L. Eelss patent application Serial No. 300,968, reaction taking 
place In the fluid which It la desired to solidify. Ohe resulting mixture is 
usually a viscous llq,uld which Is stable for a considerable length of time If 
stored at room temperature In tl^tly closed containers. When this mixture 
is heated (for example about 3 hours @ 130^*0.) It Is transf armed into a solid 
^ VLterlal. Water or other active hydroge n compounds are not requi red for this 
I solidification, since the free-NCO groups "of fBo dTssoIvecT'aofluct evidently re- 
l act with the urethane groups also present to form a highly cross-linked polymer. 
\ If, however, active hydrogen compounds are present, they will also enter into 
^ the reaction. For instanbe, when the liquid mixture Is solidified In an open 
container, the surface exposed to the air will usually cure to a tourer type 
of material than will the bulk of the liquid. It Is believed that this is due 
to reaction of atmoapheric moisture with the adduct. 


The notebook pages to 'tdilch we refer will provide numerous specific examples. 

You will note that TDI end MDI were reacted with a considerable ninnber of trlola 
and that various types of fluids were used In amounts from 20 to 80^ of the total 
wel^t. Dlls demonstrates that not only Aroclors are operable, .but any fluid 
that is sufficiently compatible with the adduct or polymer may be used. 


'"Althougb the solldlfi cations successfully perfomisd to date Involved the use of 
elevated temperatures, we hope to so adjust the reactivity of the reaction mix- 
ture that a ml Id exothermic reaction will result which will cause the fluid re- 
action mixture to solidify shortly after being mixed and without the application 
of external heat. 

r Althou^ the reactions and processes will iindergo considerable refinement, we 
I would like to have soma coverage on the carlglnal, novel Idea of solidification 
of fluids by polymerlzavlcn of materials ccsitainlng unreacted -KCO groups dis- 
solved therein, Xt is felt that such a process would be useful in the following 
applications: 

Q/ 

* . 

h-d-n f 



I 




■ 
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B. F. Bucloar 

Anniston, Ala. February 17, I 955 


1. Casting or potting resins. 

2. Solid dielectrics for capacltara tar transf oormers . 

3 . Wire Insulation. 

4. Insulating varnish. 

. 5* Adhesiras. 

6. linpregnatian or surflace treatmant of porous Tnaterlals to provide water 
resistance, flame resistance, improved hand, etc. 

Our reason for requesting that you file on tdae basis of this incomplete Inform- 
tion is that it is desired to give part of the pertinent loiovlsdge to labora- 
tories outside Monsanto in order to stimulate interest in isocyanates. Ve would 
not like to do this, however, until you have had the opportunity to examine the 
experimental results and file an application if you feel that we have a case. 


fEhe work refezred to above will be found on the following notebook pagesj 

1. Original ldea.*and extensions thereof : 

82338; 84505; 84526, 27; 90105 

2. Preliminary work with Aroclor, TDI, and triethanolamine, ttls work 
Is imlmportant excej^t to serve as a basis for an early date: 

82359^' y y / 

84^^-!^' 845»-22^ 845^ / 

7896^8^; 78997-79000 

85101-3; 85l05-’/r 

3. Fecont work of a more successful nature: 

89901-7; 89910-35- 
90101-5. 

Wo will be glad to provide yew. with any additional Infansation or assistance 
that wo can. 


m 

H. L. Helss 


HIfi:kd 
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Correlation of Examples of U. S. Patent No. 3,102,875 
With Experiments Reported in Notebooks of Defendant's 
Exhibits 
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CORRELATION. OF EXAMPLES OF U.S. PATENT NO. 3,102,875 
V7ITH EXPERIMENTS REPORTED IN NOTEBOOKS OF DEFENDANT'S 
EXHIBITS 


Example 1 
Example 2 
Example 3 
Example 4 
Example 5 
Example 6 
Example 7 
Excimple 8 
Example 9 
Example 10 
Example 11 
Example 12 
Example 13 
Example 14 
Example 15 


Example 16 
Example 17 
Example 18 
Example 19 
Example 20 
Example 21 


823 ^ 8 ^ 


78960 /I 


78982 


84513 


79000 

78989 






89925 


89901-02 


89911 A 


89911 E-II 
89913 A-J 

89915 A, D-H, J 

89916 




89920, 21 




19927 


89905G 


89932 




89929 

Q9^21lC 
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Short Form Report No. 2; "The Preparation of Foams 
From Polyols and Diisocyanates" 

Work Started; April 10, 1953 
Work Completed: April 30, 1954 
Date Reported: May 6, 1954 
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■wpl«‘t)7083-l in Tabl.'l 

did ^ 1000 fonns, Uolng hlghar Biid loirer cono<mtratlon* of trlol adduct .'a 

concontTfttiena of trlol Icorocsod th» ’ . ■ .'’f ; 

concentrations of trlol gcyo wrdtor fooas.. ttw ooloulatad'i:^ 
pcojrrar noicht por brench point vas 3300 for 97083-1, baood on the trlol as' 
th« only source of brcnchlnc. . 


. , - IS 


i ,1* .: * •. , •‘'.lit f :.• 
• * ‘ T . * 
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• V T > *• 
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^ was also fotod that fosaing under pressure redueij^ this" cell site Mkedlwl- 
• density, Focaa which wore poraittsd to riwe imder^6, ->.V." f 

. . ^ cad go pslg, aitrogea prooeuro hod Icpco, codorate, t-nll and Tory irsai • / '"'Vi 
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Foaas vor* p r e p ared froa rPG 750 and lOI (diphanylaathaaa dllsoeyattiAo) | . ' • 

but th 9 S 9 vor* d«ns«i vary tough cad of low rosillency (ND 93460, 80, 97059) 

'* * *'*' V V® */'■'*! 

A rigid fona of 5.4 lb. par eu. ft. danalty was obtnlnad fr<m n irijcturo of. •• 
of rre 400^, 12;'. pro iso, lOl-.* G.-Q P.O. and 62^ 2,4-TDI. For 10 s« ; V/I'V 

, odduct mixture 0.32 g. of water and 0.09 g, of aothylaorphoUno woro u#od • ’ ■•l-i 
in foerJLng. The coaprauf. .-i atrength was ostiaated at lOO^lSO pal* (IJD 99987} 

A foaa of 12,2 lb, per cu .'t. donaity was obtaihod froca the secs adducts 

• idien foenlng was conductod under 30 psig, nitrogen pressure. The estlnated ' t 
oor^reasloQ strength of this sanple was 250-280 pol, (IJB D0967), 

• ‘ • t *% ' ' ** f*!. . I * 

Fo3.ybutylena Glycol ronna ; ,i A 

. ' ■ ■ . 1 ^. i 

An 85:15 nlxture of polybutylene jjlyool (PBC) 1000t.O.-9 E,0. was idxied with ; 

2,4-TI3I at an NCO/OH ratio of 2x1 and was aUowod to react. The calculated .'•'•'•‘.j ,! .‘v^ 

■ polyaor per branch point was 4500, Using a 10-g, sanple a foea was 

propered by adding 0.21 g, of water and 0,28 g, of Mthylaorpholine, This ' 

foaa rose to an Inltita dsnisty of 5.4 lb, per cu, ft,, but shrank epproxlmatslr'i!^:,.'* 
18^, The average cell difift?'' ^r was 2 m. This foaa had poor resiliency, ' • ; ‘ 

■. requiring 20.-30 oin. to irooorver its original shape after depression, (Iffl 103578rl)^, j 

• The oane adduct was heated for 15 hours at 100* to induce further branching • m 
via reaction of laocyenate and urethan groups. ' At the end of this ties, an '■ 

wartna equivalent analysis indicated that the average polyner weight par branch, 

point had been reduced to 2800, This odduct was foamed as before, escopt 

that it VBS foanod at an initial tertperaturo of 50* because of its hlc?x .‘I* . i*'? tV<. 

' viscosity at rooa temperature. A foon of 8,2 lb. por cu. ft, density and' f-y’, 
no shrinkage was obtained’. The average all dlaoetor was 0,5 mn,, and the • ; i 
'.’resiliency, though slow, was better than senplo 103578-1 (KD 103573*2), 5 , 


These polybutylene glycol foans appttrently retained at least 80J? of their 

strength ehon soaked in water, , ' • i 

• 4 : • ' 

Flastlcized Castor Oil Foaics • • i" • 


' 1 

'.‘v’ . i?’ t/'V- 

»• a ' * 

yr/r't^ 
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Flastlcized Castor Oil Foaics ; i' 4!' Iplr 

' ■ ' ■ ■ ' vij 

An adduct of Baker’s AA Castor Oil and 2,4-11)1 was prepared in Aroolor 1254 : ’ 

usii« 33,8 g, of TDI, 6C,2 g, of castor oil, 100 g, of Aroclor and 6 g, of . , : >^”4 
cethylno^olino, T^s adduct was foaaad with water and wns cured for 15 , , 

*dn. at 100* , Tho adduct was also foaacd using a awthanol solution of . . 
bonsyltrinathylarraoniua hydxvixide (40JJ) as catalyst and source of gas* .''i 

Presuanbly tho gas was CO 2 fron the baco-catalysed docoaposition of allophaaats ‘ sj-;,'’ 

groups, arising fron tho reaction betwpon Isocyanato and urethan groups, ; V- 
Tho foens were flne-collod, flexible, and non-flanaablo, but had poor tensile 
‘strength (K3 92405), ■ 

' • .'.i i'Ml 


• : V • • 

I •.*t’ 


• * * • • . * I * . \ 

'SiJsilor foans were prepared, substituting hydrogenated castor oil (Cast or • 
wx 3 x) for th® castor oil. Those foans were sonevhat softer than those fron . . ^ 
castor oil, 013 92406), ’ . 

Trtcrosyl phosphate was substituted for Aroclor to give an odorless, non* ^ . V^i'.‘'V! 

flacaablo foan. This foan was waalter than the Aroalor-plesticisod feaas,- ; , -f.;! 

Densities on these foans were about 16 lb, per ou. ft, (KD 97054). \ 
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jl Totsa'tTan Blends of folyoljL.' 

• » A fi*r4«fl of foaiM Mta pr«par«d fron bland# of PEO and PW polyol#.. ) M 
' w»»i tirooerod fron 2t4-TDI «»d PPG 1200 plu# C*»9 P.O* (KB 09058) 0x4 CS# frOJ^.i J;vT. v 
■ < ri-TOI^cnd PEG 1000 plus G.-12 E.O. (ND 07083 #«d 97089), tba PEC,^ PPC i 

S?.™ iSin loc.o; 50.S0, <0t«0. 20m “* i:Mh 

;*fcss3d* I^noitloo reas«<i daortiaS. (1 

' ’ Icoroaoad tho wt atronsth sad hcrdnoca incronMid, «hl^ womcjo 7 '.^of#t^«j; j 

Bvoa ttio 100^ PPG foea vna wookopad cotuldcreMy by water (HD 10356^). ^ • i^. ',/ V, 

.“'A rdood adduct v#a praparad frea 39 parts of 

: PEG 1000 and 32.2 of 2,4-TDI. This cdduct, whoa foe^d with 0.09, g.- of . . 

M+hyli=orpholino and 0.21 g. of water per 10 g* bf ridduct, gwra e foca of 5 

• iti* ft denoity. Eoelllancy was oosevliat slow, 3 ooc. baing^raq^jd ) >.,n 

.ft.r Ur...!... ^ «t rp ^ 

90-100}? of the tonsUo strength of the ^ foaa* SSOT. . ; . ’ ' ' 

■ in aa ‘aUcni»t to obtain other polyol foaas of good wt ; J • ’ 

r": castor oil was converted to a nlxtura' of approxinately e^al »lar • 

• cf diol tad trlol try treating it with octcdeoyl Isocyanate, This ‘ 

"iraa foc^da Uslns 0.22 6* cntl^lBOrpholino and 0*B3 s* n^ .atnr fOT. 10 K* 

: ; I faai 5tTlb! par cn. ft. donaltr »?■ -d‘i' 

ww^Ehtly better than the PEG l«> 00 -hydrogenated castor oU foaa,. tad the : yt 

' wot otrragtb was 6(|ual to the dry strength, (Iffl 99076), . ^ 

odvaeter froa mdiplc acid, ethylene ^©1 »ad propylana glycol, having u •,> 

■ eculvalent of 1120, told nunber 0,7, hydiroxyl nuiaber 48,8 and water ^ 

. ■■^tffo.O;?^( Springfield NB 167C73) WM olsed .V 

’ the udduct wthod, A edxtura of 13 parts of 0,-12 E,0., 66.6 of 
' end 20.4 of 2,4-TDI voro used to taks th» first adduct , 

adduct was focned under 10 pslg, nitropi pressure, 'T jf <*'' 

.' esmhoUns and 0,1 g, of water, A ecnl-alastio fow ^ v* •? * ■* 

Sity and 0.5 m. avorago ceU dleneter was obtained, Khan i'l'. v.; .i 

• wfti foesad without tho added trlol a sooawhat flrcar foaa was obta^ad 

... was roesoa wixnout nolvaHtar croduoed ' ■ 


noa«o.' j 

K : 


toasila stroagth, (ND 93480), .. ^ ^ f- 

• . ’ ‘ * • * * • , ‘ * • 
toriaustlcn Test# on Ifopl astlolxad Fosas ‘ >,It 

'a suaber of the unplasticised foans frea the suppert oca 

A sunaary of the bum^g oxperlnents .1# given in Table II, 


f- ^ 

. 

‘ ' • •?. fu': i 

pert eoBd3U(rtl«a;% , 
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TABUS n 


I . 


BUanKG TESTS g? UmASnCIZED FOAilS 


^obo^ 

Poto 

Zooeyoxiato 
flood. ^5 in Adduct 

PolgrOlo Usod 

Aqtporto 

Ooflbuatlen 

103562-7 

TW, 45 

G.-O r.O. ♦ PPG 1200 

Too 

03deo-ii 

llDIi 42.3 

Coator Oil 

Too 

093C7-2 

XDIt 52 

G.-9 P.O. ♦ pro 150 ond 400 TOO 

0Sdeo-4C 

KDI, 40 

PPG-750 

NO 

97039-80 

MDIi 40.8 

PPG-750 

tb 

009S8-3 

TUI, 30.9 

PPC-1200 ♦ 0.-9 P.O. 

No 

69976-2 

TDI, 29,4 

OdI-Troatod Oaotor Vox 

No 


• * . > * 


• adiluo^ wiia bfVMlMd by h*at trORst^ratf iO 87069*8 
sos^ highly 0roM*llBlc9(l thfls S3480^G« 

fit gooex^l, th» ficdbli tom» did Mt iuppopt cosAwtion »!iU* thi 
rigid foftSA ^d* . 




»■ 

.• •! • 
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f 


mscussiatt 

tfci wator-CMHUYlty of th« WC «od PPO fotM ww doubtloci frt to 
cgStor of other linSti in oaoh poXyewr ooltculo# Iner oMing tea s'' 

JyetrooBrbon eeatont, m in BBC or by oddlng CMtor«ot, roducod tho iroter ••ooitmty. ■ i 

*'.• '{• 

lEs 2 »oftb> fooaa pxoparod thu$ far rsro doilrobly olaatio ot 100-125*f but wo 

at roea tonporaturo* Othero which woro owt ond olaatio ot rooo toaperoturo >* 
tKsro stiff at -10* when dry. Oortola of tho PEC foesa Cibaorbod onou^ wotor to j 

pXcotiolco tJwa, naldng tha* ooft ot -lO*. Icprcreconto in tho Iw teaswrotuyo ^ 
ncsibility trill hora to bo aado, oo troll oo tho wotor-oonaitiTlty. . . 

I 

OentroUing tho roootiono botwoon TDl and PPC end PBC glyeolo woo 6iffi o«lt .^ 

Ecnco this pregraa woo tonpororlly dlacontlnuod tdiilo noro it loomod obowt tboeo 

roestiens. 
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